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PREFACE. 


Thb  preparation  of  a  ^'  Text-Book  of  Mineralajgy  ^  wad  nndertaken  in 
1868,  by  Prof.  J.  D.  Dana,  immediately  after  the  publication  of  the  fifth 
edition  of  the  System  of  Mineralogy.  The  state  of  his  health,  however, 
early  compelled  him  to  relinquish  the  work,  and  he  was  not  able  subsequently 
to  resume  it  Finally,  after  the  lapse  of  seven  years,  the  editorship  of  the 
volume  was  placed  in  the  hands  of  the  writer,  who  has  endeavored  to  carry 
out  the  original  plan. 

The  work  is  intended  to  meet  the  requirements  of  class  instruction.  With 
this  end  in  view  the  Descriptive  part  hss  been  made  subordinate  to  the 
more  important  subjects  embraced  under  Physical  Mineralogy. 

The  Crystallography  is  presented  after  the  methods  of  Naumann ;  his 
system  being  most  easily  understood  by  the  beginner,  and  most  convenient 
for  giving  a  general  knowledge  of  the  principles  of  the  Science.  For  use 
in  calculations,  however,  it  is  much  less  satisfactory  than  the  method  of 
Miller,  and  a  concise  exposition  of  Miller's  System  has  accordingly  been 
added  in  the  Appendix.  The  chapter  on  the  Physical  Charactiers  of  Min- 
erals has  been  expanded  to  a  ccmsiderable  length,  but  not  more  than  was 
absolutely  necessary  in  order  to  make  clearly  intelligible  the  methods  of 
using  the  principles  in  the  practical  study  of  crystals.  For  a  still- fuller 
discussion  of  these  subjects  reference  may  be  made  to  the  works  of  Schrauf 
and  of  Groth,  and  for  details  in  regard  to  the  optical  characters  of  mineral 
species  to  the  Mineralogy  of  M.  DesOloizeaux. 

The  Descriptive  part  of  the  volume  is  an  abridgment  of  the  System  of 
Mineralogy,  and  to  that  work  the  student  is  referred  for  the  history  of  each 
species  and  a  complete  list  of  its  synonyms ;  for  an  enumeration  of  ob- 
served crystalline  planes,  and  their  angles ;  for  all  published  analyi 
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for  a  fuller  description  of  localities  and  methods  of  occiirre  ice,  and  aliK)  foi 
an  account  of  many  species  of  uncertain  character,  not  mentioned  in  the 
following  pages.  A  considerable  number  of  changes  and  additions,  how* 
over,  have  been  made  in  the  preparation  of  the  present  work,  made  neces- 
sary by  the  progress  in  the  Sioieuce,  and  among  these  are  included  many 
new  species.  The  chemical  formulas  are  those  of  modem  Chemistry.  The 
new  edition  of  Kammelsberg's  SanfiR>uoh  der  Minercdchemie  has  been 
often  used  in  the  preparation  of  the  volume,  and  frequent  references  to  him 
will  be  found  in  the  text. 

The  work  has  throughout  been  under  the  supervision  of  Prof.  Dana,  and 
all  the  proofs  have  passed  under  his  eye.  Acknowledgments  are  also  due 
to  Prof.  G.  J.  Brush  and  Pi-of.  J.  P,  Oooke  fqr  friendly  advice  on  many, 
points. 

* 

PREFACE  TO  THE    REVISED    EDITION. 


In  this  Revised  Edition,  the  chief  additions  are  contained  in  four  sup- 
plementary chapters,  covering  about  fitly  pages.  Of  these,  two  are  devoted 
to  descriptions  of  new  instruments  and  methods  of  research  in  Crystallog- 
raphy and  Physical  Mineralogy;  and  the. others  to  brief  descriptions  of 
the  minerals  recently  announced,  and  a  concise  statement  of  important 
new  facts  in  regard  to  the  characters  or  occurrence  of  old  species.  A 
number  of  new  figures  are  introduced  in  illastratioin  of  these  subjects. 
The  work  has  been  repaged  ;  and  a  new  index,  much  more  complete  than 
the  former  one,  has  been  added. 

New  Havek,  January^  1883. 
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Thb  Third  Kingdoixi  of  Natui-e,  the  Inorganic,  ombraces  all  sjiccies  not 
organized  by  living  ^rowtii.  tJnlike  a  plant  or  animal,  an  inorganic  spor 
cies  is  a  simple  chemical  compound,  possessing  unity  of  chemical  and  physi- 
cal nature  throughout,  and  alike  in  essential  characters  through  all  diversity 
of  age  or  size. 

The  Science  of  Mineralogy  treats  of  those  inorganic  species  which  occur 
ready  fonned  in  or  about  the  earth.  It  is  therefore  but  a  fragment  of  the 
Science  of  Inorganic  nature,  and  it  owes  its  separate  consideration  simply 
to  convenience. 

• 

The  Itioigaaio  Gompoondi  are  formed  by  the  Muiie  f oroes,  and  on  the  same  prinoiples, 
whether  produoed  in  the  laboratory  of  the  ohemist  or  in  outdoor  nature,  and  are  atrioUy  no 
more  artifloial  in  one  oaae  than  in  the  other.  Oalciam  oarbonato  of  the  ohemioal  laboratory 
is  in  eyeiy  ofaaraoter  the  same  identioal  labstanoe  with  oaldnm  carbonate,  or  raloite,  found 
in  the  rooks,  and  in  each  oaae  is  eyolyed  by  nature's  operations.  There  is  henoe  nothing 
whateyerin  the  oharaoter  of  mineral  speoies  that  entitles  them  to  oonstitate  a  separate 
division  in  the  natural  olassifioation  of  Inoxganio  species. 

The  objects  of  Mineralogy  proper  are  three-fold :  1,  to  present  the  true 
idea  of  each  species  ;  2,  to  exhibit  the  means  and  methods  of  distinguishing 
species,  which  object  is  however  partly  accomplished  in  the  former  ;  3,  to 
make  known  the  modes  of  occurrence  and  associations  of  species,  and  their 
geographical  distribution. 

In  presenting  the  science  in  this  Text  Book,  the  following  order  is 
adopted : 

L  Phtsigal  Minsbaloot,  comprising  that  elementary  discussion  with 
regard  to  the  structure  and  form,  and  the  physical  qualities  essential  to  a 
ri^t  understanding  of  mineral  species,  and  their  distinctions. 

IL  Ohsiooal  and  Dbtebminatiyb  Minbralogt,  presenting  brieflv  the 

Sineral  characters  of  species  considered  as  chemical  compounds,  also  giving 
e  special  metliods  of  distinguishing  species,  and  tables  constructed  for  this 
purpose.  The  latter  subject  is  preceded  by  a  few  words  on  the  use  of  the 
olow-pipe. 

^  in.  DicsoBipnyB  Minsbaloot,  comprising  the  classification  and  descrip 
tions  of  species  and  their  varieties.  The  descriptions  include  the  physical 
and  chemical  properties  of  the  most  common  and  important  of  the  minerali, 
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with  some  accoant  abo  of  their  aBsociation  and  geographical  distribution. 
The  rarer  species,  and  those  of  uncertain  composition,  are  only  very  briefly 
noticed. 

Besidoa  the  aboye,  theie  is  also  the  department  of  Eoarumdo  Mmei  aXogy.  whiob  ia  not  here 
inoladed.  It  treats  of  the  uses  of  minerals,  (1)  m  ores ;  (2)  in  jewelry ;  and  (3)  in  the  ooaxser 
arts. 

The  foUo!¥ing  sabjects  oonneoted  with  minerals  properly  x>ertain  to  Qeology :  1,  LUhofO' 
ffieal  gtctogy^  or  Lithofogy^  w1|ioh  treajbs  of  minerals  as  oonstitaents  of  rooks.  2,  Ohemical 
Q^ology^  whioh  oonsiders  in  one  of  its  sabdiyisions  the  origin  of  minerals,  as  determined,  in 
the  hght  of  ehemUtry^  by  the  assooiations  of  speoies,  the  alterations  whioh  speoies  are  liable 
to,  or  which  they  are  known  to  have  nndezgone,  and  the  gfeneral  natore,  origin,  and  change 
of  the  earth's  rock  formations.  Underofatfiidtsid  geoiogy,  the  department  which  oonsiders 
especially  the  associations  of  species,  and  the  order  of  saooession  in  sach  associations,  has 
reoeiyed  the  special  name  of  the  paragsnena  of  minwals ;  while  the  origin  of  minerals  or 
xooks  through  alteration,  is  called  metamorphism  or  pMudomorphkm^  the  latter  term  being 
'lertricted  to  those  oases  In  which  the  oxystiEdline  form j  imd  sometimeii  also  the  deayage,  of 
a  minAzal  is  retained  aftw  tfke  dbanga^ 
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ABBEEVIATIONS. 

For  abbreyiations  of  the  names  of  Mineralogical  works,  of  Journals,  publications  of 
Scientific  Societies,  etc.,  see  System  Min.,  5th  ed.,  pp.  xxxv.-xlv.,  App.  III.,  p.  viii. 
The  following  abbreviations  are  used  in  the  Deiscnption  of  Species. 

B.B.  Before  the  Blowpipe  (p.  210).  Obs.  Observations  on  occurrence,  etc. 

Oomp.  Composition.  O.F.  Oxidizing  Flame  (p.  204). 

Di£  Differences,  or  distinctiye  characters.  Tyr.         Pyrognostics. 

G.  Specific  Gravity.  Q.  Ratio.  Quantivalent  Ratio  (p.  198). 

Germ.  German.  R.F.         Reducing  Flame  (p.  204). 

H.  Hardness.  Var.         Varieties. 

An  asterisk  (*),  appended  to  the  name  of  a  mineral  species  in  the  Descriptive  part  of  this 
work,  indicates  that  additional  ^ts  in  regard  to  it  are  mentioned  in  the  Supplementary 
Chapter,  pp.  420  to  440. 
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P^RT   1. 

PHYSICAL   MINBRALOGT. 


The  grand  departmenta  of  the  science  here  considered  are  the  following: 
1,  Stkuotobe. — Strnctiire  in  Inorganic  nature  is  a  result  of  mathemati- 
cal symmetry  in  the  action  of  cohesive  attraction.  The  forms  produced 
are  regular  solids  called  crystals  ;  wlience  morpliology  is,  in  the  Inorganic 
kingdom,  called  os-YSiMAjbLonY.  It  is  the  Bcien':e  of  structure  in  this  king- 
dom of  nature. 

2.  Physioai.  pkopkkties  07  MiifEBALs,  or  those  depending  on  relations  to 
light,  heat,  electricity,  magnetism  ;  on  differences  as  to  density  or  specific 
gravity,  hardness,  taste,  odor,  etc. 

Crystallology  is  naturally  divided  into,  I.  Cbtstallooeapht,  which  treats 
of  the  forms  resulting  f n.)in  crystallization ;  11.  Cbystallookny,  which  de- 
scribes the  methods  of  making  crystals,  and  discnssos  the  theories  of  their 
origin.    Only  the  former  of  these  two  subjects  is  treated  of  in  this  work 


SECTION  L 
CRYSTALLOGRAPHY. 

Crystallography  embraces  the  consideration  of — (1)  normally  formed  or 
regnlar  crvstals ;  (2)  twin  or  compound  crystals ;  (3)  the  irregularities  of 
crystals  ;  (4)  crystalline  aggregates ;  and  (5)  pseadomorphous  crystals. 

1.  Gbkebal  CHABACrrEBB  07  Gbybtals. 

(1)  Ecternalform. — Crystals  are  bounded  by  plane  surfacesv  * 
called  simply  planes  or  faces,  symmetrically  arranged  in  refer- 
ence to  one  or  more  diametral  Hues  called  axes.  la  the  an- 
nexed figure  the  planes  1  and  the  planes  i  are  Bymmetrically 
arranged  with  reference  to  tlie  verlical  axis  o  a  ;  and  also  the 
planes  of  each  kind  with  reference  to  the  three  transverse  axes. 

(2)  Constancy  of  aiigle  in  the  same  speoiea. — The  crystal"  of 
any  speciea  are  essentially  constant  in  the  angle  of  inclinaiicn 
between  like  planes.     The  angle  between  1  and  i,  in  a  given 

species,  is  always  essentially  the  same,  wherever  tl.ii  crystal  is  found,  and 
whether  a  product  of  oatore  or  of  the  laboratory. 


S  OKYSTALLOGEAPHY. 

(3)  Difference  of  angle  of  different  spe^es. — Tiie  crystals  of  different 
Bpeaes  commonly  differ  in  angles  between  corresponding  planes.  The 
angles  of  crystals  are  consequently  a  means  of  distingui ailing  species, 

(4)  Diversity  of  planes. — While  in  the  crystals  of  a  given  species  there 
ia  oonsiancy  of  angle  between  like  planes,  the  forma  of  the  crystals  may  be 
ezoeodingly  diverse.     The  accompanying  figures  are  examples  of  a  few  of 


the  forms  of  the  species  zircon.  There  is  hardly  any  limit  to  the  number  of 
forms  which  may  occnr  ;  yet  for  each  the  angles  between  like  planes  ai-e 
essentially  constant. 

CttbIaIs  occni  of  all  Bizes,  from  the  Tnerest  microeoopio  point  to  a  totcI  or  mare  in  diame- 
ter. Aeingle  orjatnl  of  qnaitz,  now  at  Milan,  is  thiee  and  a  quarter  feet  long,  uid  five  and  a 
half  in  oilonmfeieiice  ;  and  its  weight  is  estimated  at  eight  hundred  and  seventj  pounds. 
A  Binf^e  cavity  in  a  rein  of  quatcz  near  the  Tiefen  Glacier,  in  Switiecland,  diseovered  ia 
18flT,  has  nfloided  smoky  quartz  crystaln  weigbiig  in  the  oggre^te  about  20,000  pounds  ;  a 
ooturidecable  number  of  Che  single  ccjstalH  having  a  weight  of  SOD  to  ISO  pounds,  or  even 
more.  One  of  the  gigantic  beryls  from  Aoivorth.  New  Hampahire,  meaaures  four  feet  in 
leng^b.  end  two  and  a  half  in  oircumference;  and  another,  at  Qratton,  ia  over  four  feet  long. 
and  thirty-two  inches  in  one  of  its  dUmeteiB.  and  does  not  ireigh  less  than  two  and  n  bidf 
tons.  But  tba  highest  perfection  of  form  and  transparency  are  found  only  in  ciyBtals  of 
■mall  Bite. 

In  its  original  signification  the  term  eryittd  was  applied  only  to  orystala  of  quartz  (f.  1), 
which  the  ancient  philosophen  believed  to  be  leater  congealed  l^  intense  cold.  Hence  the 
term,  from  KpiaToKtiOt,  iee. 

(5)  Syminetry  in  the  position  of  planes. — The  planes  on  the  crystals 
of  any  species,  however  iinmenms,  are  arranged  in  accordance  with  certain 
laws  of  symmetry  and  immerical  ratio.  If  one  of  the  simpler  fcjrnis  be 
taken  as  a  primary  ov  furuiamental  fot-w,,  all  other  planes  will  be  secondarv 

E lanes,  ormodificatioiiB  of  the  fundamental  form.  It  shonld  be  observed, 
owever,  that  the  forms  called  primary  and  fundamental  in  crystal logi-aphic 
description,  are  in  general  merely  so  by  assamption  and  for  convnnience 
of  reference.   (See  also  p.  12.) 

Cleavage. — Besides  external  symmetry  of  form,  crystall  zation  prodncea 
also  regnlarity  of  internal  strncture,  and  often  of  fracture.  This  i-egular 
i^  of  nocture,  or  tendency  to  break  oi-  cleave  along  certain  planes,  is  called 
cleavage.  Tho  surface  afforded  by  cleavage  is  often  smootn  and  brilliant. 
The  directions  of  cleava^i^  are  those  of  least  cohosivo  force  in  a  crystal ;  it 
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Ib  not  to  be  nnderetood  that  the  cleavage  lainellsB  are  in  any  sense  present 
before  they  are  made  to  appear  by  fracture. 

In  regard  to  cleavage,  two  principles  may  be  here  stated  : — (a)  In  any 
species,  the  direction  in  which  cleavage  takes  place  is  always  parallel  to 
some  plane  which  either  actually  occurs  in  the  crystals  or  may  exist  there 
in  accordance  with  the  general  laws  which  will  be  stated  liereafter. 

(i)  Cleavage  is  uniform  as  to  ease  parallel  to  all  like  planes  ;  that  is,  if 
it  may  be  obtained  parallel  to  one  plane  of  a  kind  (as  1, 1. 1),  it  may  be  ob- 
tained with  equal  facility  parallel  to  each  of  the  other  planes  1  ;  and  will 
afford  planes  of  like  lustre.  This  is  in  accordance  with  the  symmetry  of 
crystallization.  It  will  be  evident  from  this  that  the  angles  between  planes 
of  like  cleavage  will  be  constant :  thus,  a  mtiss  of  calcite  under  the  blow  of 
a  hammer  will  separate  into  countless  rhombohedrons,  each  of  which  affords 
on  measurement  the  angles  74°  55'  and  105°  5'.  In  a  shapeless  mass  of 
marble  the  minute  gmins  have  the  same  regularity  of  cleavage  structure. 
See  further,  p.  119. 

2.  Descriptions  of  some  of  the  simpler  forms  of  Crystai^s. 


Preliminary  Definitions.  Angles, — In  the  descnptions  of  crystals  three 
kinds  of  angles  may  come  under  consideration,  aolid^plane^  and  interfa- 
cial.    The  last  are  the  inclinations  between  the  faces  or  planes  of  crystals. 

Axes, — The  crystallogra/pliic  axes  are  imaginary  lines  passing  through 
the  centre  of  a  crystal.  They  are  assumed  as  axes  in  order  to  describe,  by 
reference  to  them,  the  relative  positions  of  the  different  planes.  One  of 
the  axes  is  called  the  vertical^  9,\\A  the  othera  the  lateral ;  the  number  of 
lateral  axes  is  either  two  or  three.  The  axes  have  essentially  the  same  re- 
lative lengths  in  all  the  crystals  of  a  species ;  but  those  of  different  species 
often  differ  widely 

Diametral  planes, — The  planes  in  which  any  two  axes  lie  are  called  the 
axial  OY  diametral  planes  or  sections ;  they  are  the  coordinate  planes  of  an- 
alytical geometry.  They  divide  the  space  about  the  centre  into  sectants; 
into  eight  sectants,  called  octants^  if  there  are  but  two  lateral  axes,  as  is 
generally  the  case  ;  but  into  twelve  sectants  if  there  are  three,  as  in  hexa- 
gonal crj'stalline  forms. 

Diagonal  pla)ies  are  either  diagonal  to  the  three  axes,  as  those  through 
the  centre  connecting  diagonally  opposite  solid  angles  of  a  cube,  oi  diag- 
onal to  two  axes,  and  passing  through  the  third,  as  those  connecting  diag- 
onally opposite  edges  of  the  cube. 

Similar  planes  and  edges  are  such  as  are  similar  in  position,  and  of  like 
angles  with  reference  to  the  axes  or  axial  planes.  Moreover,  in  the  case  of 
similar  edges,  tlie  two  planes  by  whose  intei*section  the  edges  are  formed^ 
meet  at  the  same  anffle  of  inclination.  For  example,  all  the  planes  and 
edges  of  the  tetrahedron  (f.  9),  regular  octahedron  (f.  11),  cube  (f.  14), 
rhombic  dodecahedron  (f.  19),  are  similar.  h\  the  rliombohedron  \^,  16) 
there  are  two  sets  of  similar  edges,  six  being  obtuse  and  six  acute. 

Solid  angles  are  similar  yj\i'&\\  alike  in  plane  aneles  each  for  each,  and 
when  formed  by  the  meeting  of  planes  of  the  same  Jcind. 

A  combination-edge  is  the  edge  formed  by  the  meeting  or  iutersectioa  of 
two  planes. 
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Truncations^  hevdmenta, — ^In  a  crystal,  an  edge  or  angle  is  said  to  be  re- 
placed when  the  place  of  the  edge  or  angle  is  occupied  bj  one  or  more 
planes ;  and  in  the  case  of  the  replacement  of  an  edge,  the  replacing 
planes  make  parallel  intersections  with  the  including  planes,  that  is.  with 
the  direction  of  the  replaced  edge  (f .  43). 

A  replacement  of  an  edge  or  angle  is  a  truncation  when  the  replacing 
plane  makes  equal  angles  with  the  including  planes.  Thus,  in  f.  6,  ir% 
truncates  the  edge  between  /  and  /. 

An  edge  is  said  to  be  bevelled  when  it  is  replaced  by  two  similar  planes, 
that  is,  by  planes  having  like  inclinations  to  the  adjoining  planes.  Thus, 
in  f .  5,  the  edge  between  3, 3,  is  bevelled  by  the  two  planes  3-3, 3-3,  the  right 
8-3  and  3  having  the  same  mutual  inclination  as  the  left  3-3  and  3.  So, 
in  f.  192,  p.  43,  the  edge  between  /and  I  is  bevelled  by  the  planes  i-2,  i-2. 
Truncations  and  bevelments  of  edges  take  place  only  between  similar 
planes.  Thus  7,  /,  and  3,  3,  are  similar  planes  in  fig.  5.  ^he  edge  i|i  might 
be  truncated  or  bevelled,  for  the  same  reason  ;  but  not  the  edge  between  1 
and  7,  since  1  and  I  are  dissimilar  planes. 

A  zone  is  a  series  of  planes  in  which  the  combination-edges  or  mutual 
intersections  ^rej>aralleL  Thus,  in  fig.  3, the  planes  1,  3,  /make  a  vertical 
zone;  so  in  f.  8,  the  planes  between  1  and  i-i  make  a  zone,  and  this  zone 
actually  continues  above  and  below,  around  the  crystal ;  in  f .  5,  the  planes 
3,  3-3,  3-3,  3  are  in  one  zone  ;  and  i-i,  /,  i-i,  /,  in  another.  On  the  true 
meaning  of  zones,  see  p.  53. 

The  above  explanations  are  preliminary  to  the  descriptions  of  the  forms 
of  all  crystals. 

A.  —  Forms  contained  under  four 

*  ^^  EQUAL   TRIANGULAR    PLANES. — A.  HegVr 

lar  tetrahedron  (f.  9).    Edges  six ;  solid 
angles  four.     Faces   equilateral  trian- 

fles,  and  plane  angles  therefore  60°. 
nterfacial  angles  70°  31'  44''.  Named 
from  Terpa/CL^iy  four  times,  and  IS/)a, 
foAie. 

2.  Sphenoid  (f.  10).  Faces  isosceles  triangles,  not  equilateral.  Plane  and 
interfacial  angles  varying ;  the  latter  of  two  kinds,  (a)  two  terminal,  (i)  four 
lateral.    Named  from  <t^v,  a  wedge, 

B. — Forms  contained  under  eight  triangular  planes. — The  solids 
here  included  are  called  octahedrons,  from  itcraxi^,  eight  times,  and  liS/)a, 
fa/ie.  They  have  twelve  edges ;  and  six  solid  angles.  One  of  the  axes, 
when  they  difEer  in  length,  is  made  the  vertical  axis ;  and  the  othei*s  are 
the  lateral  axes.  The  solid  angles  at  the  extremities  of  the  vertical  axes  are 
the  vertical  or  terminal  solid  angles ;  the  other  four  are  the  lateral.  The 
four  edges  meeting  in  the  apex  of  the  terminal^solid  angle  are  the  tenninal 
edges ;  the  others,  the  lateral  or  basal  edges. 

1.  liegular  Octahedron  (f .  11).  Faces  equilateral  triangles.  Interfacial 
angles  109°  28'  16" ;  angle  between  the  planes  over  the  apex  of  a  solid 
angle  70^  31'  44" ;  angle  between  edges  over  a  solid  angle  90°.  The  three 
axes  are  equal,  and  hence  either  may  be  made  the  vertical.  Lines  connect- 
ing the  centres  of  opposite  faces  are  called  the  octahedral  or  trigo7ial  inter^ 
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iix(g  ;  and  tho»e  conneotingthecentreB  of  opposite  edges  the  <^(£^i^tfiral 
or  rhomiic  interaixa. 

2.  Square  Octahedron  (f.  12,  f.  12a).     Faces  eqnal  iBoeceles  trianglos, 
quilateral.     The  four  terminal  edges  are  equal  and  similar ;  and  sc 
also  tue  fonr  lateral. 


Tlie  lateral  axes  are  equal;  the  vertical  axis  may  be  longer  or  shorter 
than  the  lateral. 

3.  Tlie  rhombic  oetaAedron  (f.  13)  difFers  from  tlie  square  octahedron  in 
having  a  rhombic  base,  and  consequently  the  thi-ee  axes  are  unequal.  The 
basal  edges  are  equal  and  similar  ;  but,  owing  to  the  unequal  lengths  of 
the  lateral  axes,  the  terminal  edges  are  of  two  kinds,  two  being  shorter 
«id  more  obtuse  than  the  other  two. 

C. — FoEHS  cx)NTAiiiBD  DHDiCB  SIX  BQDAL  PLANES. — The  forms  here  in- 
cluded have  the  planes  parallelt^rams  ;  the  edges  are  twelve  in  number 
«nd  equal ;  the  solid  angles  eight. 

1.  Vitbe  (f.  14).  Faces  equal  squares,  and  plane  angles  therefore  90°. 
The  twelve  edges  similar  as  well  ax  equal ;  the  eight  solid  angles  similar  and 
eqnal.  Interfacial  angles  90°.  The  three  axes  equal  and  intersecting  at 
ri^t  angles. 

Lines  connecting  the  apices  of  the  solid  angles  are  the  odakedral  or  tri- 
ffonal  interaxei,  and  those  coimeitting  the  centres  of  opposite  edges  the 
dodecahedral  or  rhombic  irU^raxes.  If  the  cubic  axis  (=edge  of  the  cube) 
=1,  then  the  dodecahedral  interaxes  =  V2  =1.41431 ;  and  the  octahedral 
interaxes  =  ^Z  =  1.73205.  And  if  the  dodecahedi-al  axis  =  1,  then  the 
octahedral  =  1.224745. 


It  a  oab«  Ii  plaoed  witti  the  apex  of  one  angle  Terticallj  over  that  di&goiully  opposite,  thai 
li,  with  an  octahedral  interaxia  Tartdoal,  the  parts  are  all  aymmetriaally  arranged  aroand 
bill  vertical  axis.  In  this  position  (f.  iH)  the  cube  hut  three  planes  inclined  toward  one  apex, 
and  three  toward  the  other  ;  it  baa  thiee  termt/itl  edges  meeting  at  eaoh  apex ;  and  six  (oto* 
ml  ed(r«  BJtoated  iTmmetrioally,  but  in  a  zigiag.  around  the  vertical  axis.  It  lines  are 
drawn  cmmecting  the  centres  of  the  opposite  lateral  edges,  and  these  are  taken  as  the  lateral 
axes,  the  lateral  axes,  three  in  number,  will  lie  in  a  plane  ot  right  angles  to  the  rectical,  and 
will  inteiveot  at  the  oentie  at  angles  of  W.  The  oube  plaoed  in  this  position  ironld  then  haT* 
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2,  Jlhombohedron  {f.l&  to  IS).  Faces  equal  rhombs.  The  twelve  edgCB 
of  two  kinds;  six  ohtnse,  and  six  acute.  SoHd  angles  of  two  kinds  ;  two 
flj'm metrical,  twinsisting  each  of  tJiree  equal  plane  anp;le8;  the  other  six  iiu- 
gymnietrical,  the  plane  angles  enclosing  thoin  being  of  two  kinds. 

Tlie  rhornboliearon  resembles  a  cube  tlmt  lias  boon  either  aliortci)ed,  or 
lengthened,  in  the  direction  of  oTie  of  the  octaliedral  axes,  tlie  former  niak- 
ina  nu  ohtuae  rliombohedron,  the  latter  an  acute;  aud  it  is  in  position  when 
thib  axis  is  vertical,  the  parts  being  situated  symmetrically  about  tliie  axis, 
as  in  the  second  position  of  the  cube  above  descnbed.  In  an  obtuse  rliom- 
bohedi-ou  (f.  16, 17),  the  terminal  solid  angles  are  bounded  by  three  obtuse 
plane  migles,  and  the  otlier  six,  which  are  the  lateral,  by  two  acute  and  one 
obtuse ;  tlie  six  terminal  edges  (three  meeting  at  each  apex)  are  obtuse,  and 
the  six  lateral  edges  are  acute,  Convci-sely,  in  a]i  acute  rhombohedron  (f. 
18)  the  terminal  angles  are  made  np  of  acute  plane  angles,  and  the  lateral 
of  two  obtuse  and  one  acute ;  the  six  terminal  edges  are  acnte,  and  the  six 
latei'al  obtuse.  The  axes  arc  a  vertical,  and  three  lateral ;  the  latemt  axes 
connect  the  centres  of  opposite  latei-al  edges  and  inter'sect  at  angles  of  60°. 
The  cube  in  the  second  position  (f.  15)  corresponds  to  a  rhombohedron 
of  SO^jOr  is  intermediate  between  the  obtuse  and  the  actite  series. 

D. — Forms  containkd  uNnKR  twklve  kqttal  planes,     1. 
19  lihomhic   Dodecah-edron   {i.   19).     Faces  rhombs,  with  tlio 

plane  angles  109°  28'  16",  70°  31'  44".      Edges  twenty-fonr, 
all  similar;   interfacial  angle  over   each  ed^e   120°.     Solid 
angles  of  two  kinds :  [a)  six  acute  tetrahedral,  being  formed 
of  four  acute  piano   angles;  and   (5)  eight  obtuse  tnhedral, 
Ijeing  formed  of  three  obtnse  plane  angles.     Angle  between 
planes  over  apex  of  tetrahedral  solid  *ngie,  90° ;  angle  between 
edges  over  the  same  109°  28'  16".     The  axes  thi-ee,  equal, 
i-cctangular,  and  therefore  identical  with  those  of  the  regular  octahedron 
and  cube.     The  dodecahedral  interaxes  connect  the  <-CLiti'es  of  opjioeite 
faces ;  and  the  octahedral  the  apices  of  the  trihedral  solid  angles.    5(amed 
from  &a>heKa_  twelve,  and  ehpa,  face. 
20  2.  Pyramidal  dodecahMron,  or   Quartzuid.     (Called 

also    iJihexagonal    Pyramid,   Isosceles    Dodecahedron.) 
Faces  isosceles  tn'anglcs,  and  arnuiged  in  two  pyramids 
placed  base  to  base  (f.  20).     Edges  of  two  kinds:   twelve 
ecjual  terminal,  and  six  equal  basal/  axes,  a  vertical  diffei-- 
ing  in  length  in  different  species;  and  three  lateral,  equal, 
situated  in  a  plane  at  right  angles  to  the  vertical,  and  in- 
tersecting one  anotlier  at  angles  of  60°,  as  in  the  rhombo- 
hedron. 
E. — Prisms. — Prismatic  forms  consist  of  at  least  two  seta 
of  planes,  the  basal  planes  being  unlike  the  lateral.     The  bases  are  always 
equal ;  and  the  lateral  planes  parallelograms.     The  vertical  axis  is  unequal 
hi  the  lateral,     (o)  Tiiree-nded  prism.     A  right  (or  erect)  prism,  having 
its  bases  equal  equilateral  triangles,    (i)    Four-sided  prisms.     Ftuir  sided 
prisms  are  either  right  (erect),  or  oblique,  the  former  having  the  vertical  axia 


OBTSTALLOOBAPHT.  7 

at  right  angles  to  tlie  base  or  to  the  plane  of  the  lateral  axes,  and  tLe  laltei 
oblique. 

1 .  Square  or  Tetragonal  Prism  (f.  21,  22).  Base  a  sqnare  ;  latei-al 
planes  egiml.  Edges  of  two  kinda  :  (a)  eight  basal,  equal,  each  ctnitained 
between  the  base  and  a  lateral  plane;  {h)  four  lateral,  contained  between  the 
equal  latcrnl  planes.  IiUerfaeial  angles  all  90",  plane  angles  90°.  Solid 
angles  eight,  of  one  kind.  Axes  :  a  vertical,  differing  in  length  in  different 
species,  atid  longer  or  shrn-ter  than  the  lateral ;  two  lateral,  equal,  at  right 
angles  to  one  another  and  to  the  vertical,  and  connecting  either  the  centres 
of  opposite  lateral  planes  (f.  21)  or  edges  (f.  22).  The  cube  is  a  square 
prism  with  the  vertical  axis  equal  to  the  lateral. 


2.  Right  Jikombic  Prism  (f.  28).  Base  a  rhomb  ;  lateral  planes  equal 
parallelogi-ams.  Edgesof  three  kinds  :  (a)  eight  basal,  equal,  and  rectan- 
gular as  in  the  preceding  form  ;  (J)  two  lateral,  obtuse;  and  (c)  two  lateral, 
acute.  Solid  angles  of  two  kinds  ;  (a)  obtuse  at  the  extremities  of  the  ob 
tuse  edge,  and  (oj  acate  at  the  extremities  of  the  acute  edge.  Axes  reel- 
angnlai-,  unequal ;  a  vertical ;  a  longer  lateral,  the  macrodiagoruil  axis 
fnamed  from  fioKpo^,  large),  and  a  shoi'ter  lateral,  the  hrachydiagoTial  axis 
(named  fi-om  ^pa-j^v'i,  short). 

3.  Bight  Rectangular  Prism  (f.  24),  Base  a  rectangle,  and  in  conse- 
quence of  its  unequal  sides,  two  opposite  lateral  planes  of  the  prism  are 
broader  than  the  otJier  two.  Edges  all  rectangular,  but  of  three  kinds  : 
(a)  four  longer  basal ;  (S)  four  shorter  basal  ;  ((')  four  lateral.  Axes  con- 
necting the  centres  of  opposite  faces,  rectangular,  unequal;  a  vertical,  a 
luacrodiagonal,  and  a  brachydiagonal,  being  like  those  of  the  right  rhom- 
bic prism.  In  the  rectangular  prism,  either  of  the  faces  may  be  made  the 
basal,  and  either  axis,  consequently,  the  vertical. 

4.  Oblique  Prisms.  Figs.  25  and  26  represent  prisms  oblique  in  the 
direction  of  one  axis.  As  seen  in  them,  the  vertical  axis  c  is  oblique  to  the 
lateral  axis  d,  called  the  clinodiagonal  axis  ;  but  h,  the  orihodiagimal  axis, 
is  at  right  angles  to  both  c  and  a.  Similarly,  the  axial  sections  ei,  ha  are 
mntually  oblique  in  their  inclinations,  while  ca,  d>  and  ca,  ha  are  at  right 
angles.  The  clinodiagonal  section  ca  is  called  the  section  or  jilaiie  of  sym- 
metry. 

The  form  in  f.  25  is  sometimes  called  &a  oblique  rh^^mMa  prism.  The 
edges  are  of  two  kinds  aa  to  length,  but  of  four  kinds  as  to  interiacial  angles 
over  them :  {a)  four  basal  obtuse ;  (5)  four  basal  acute ;  (c)  two  lateral  ol>- 
tuse :  i^d)  two  lateral  acute.  The  pi-ism  is  in  position  when  placed  with  the 
dinodiogvTial  section  vertical. 

Figs.  27  and  28  show  the  doubly  oblique,  or  oblique  rhomboidat  jirism, 
in  which  all  the  axes,  and  heuce  all  the  axial  sections,  are  oblique  to  each 
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other.     All  these  cases  will  receive  further  attention  in  tLe  ileEcriptioii  of 
actual  cryatalline  forms. 
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Tlie  prisms  (in  f.  21,  24,  26,  28)  in  which  the  planes  are  parallel  to  the 
three  diametral  sections,  are  sometimes  called  diametral  prisms.  This 
term  also  evidently  includes  the  cube.  The  planes  whicli  form  these 
diametral  prisms  are  often  called  ^inaooids.  Tlie  terminal  plana  is  the 
basal  piuacoid,  or  simply  base ;  also,  in  f,  24  the  plane  (letterea  i-i)  parallel 
to  the  macrodiagonal  section  is  called  the  macropinacoid,  and  the  plane  (t-^ 
parallel  to  the  bi-achydiagonal  the  irachypinacoid.  In  f .  26  the  plane  (^%) 
parallel  the  to  orthodiagontil  section  is  called  the  orthopinaooia,  and'  the 
plane  (i4)  parallel  to  the  clinodia^onal  section  the  chnopinaooid.  The 
word  pinacoid  is  from  the  Greek  iruia^,  a  board. 

(c).  Six-aiDKD  Peism, — The  ffexagonal prism. 
Base   an    equilateral  hexagon.     Edges  of   two 
kinds :  (a)  twelve  basal,  equal  and  similar,  (i)  six 
lateral,   equal   and   similar ;    interfacial    angle 
,  over  the  former  90°,  over  the  latter  120°.     Solid 
angles,  twelve,   similar.     Axes:   a   vertical,  of 
different  length  in  different  species ;  three  late- 
ral equal,  intersecting  at  angles  of  60°,  as  in  the 
rhombohedron,  and  the  dihexagonal  pyramid  or 
quartzoid,  connecting  the  centres  either  of  the  lateral  edges  (f.  29),  or  lateral 
faces  (f.  30). 

3.  8TSTE3IS  OP  Cbtstalltzation. 

The  systems  of  crystallization  are  based  on  the  mathematical  relations  of 
the  fonns  ;  the  axes  are  lines  assumed  in  order  to  exhibit  these  relations, 
tliey  mark  thedegree  of  symmetry  which  belongs  to  each  group  of  forms, 
and  which  is  in  fact  the  fundamental  distinction  between  them.  The  num- 
ber of  axes,  as  has  been  stated,  is  either  three  or  four — the  nnmber  being 
four  when  tliere  are  three  lateral  axes,  as  o<!cur8  only  in  hex^onal  forms. 

Among  the  forms  with  three  axes,  all  possible  conditions  of  the  axes  exist 
both  as  to  relative  lengths  and  inclinations ;  that  is,  there  are  (as  has  beeu 
exemplified  in  the  forms  which  have  been  described),  (A)  among  ortfuh 
metno  kinds,  or  those  with  rectangular  axial  intersections;  (a)  the  three 
axes  equal ;  (6)  two  equal,  and  the  other  longer  or  shorter  tlian  the  two ;  {c) 
the  three  unequal ;  and  (B)  among  dinometrio  kinds,  one  or  more  of  the 
iutersections  maybe  oblique  (in  all  of  these  the  three  axes  are  unequal)^ 
The  systems  are  then  as  follows : 

A.  Axes  three ;  orthometric. 

1.  Ibombtrio  System. — Axes  equa".  Examples,  cube,  regular  octah& 
dron,  rhombic  dodecahedron 
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2.  Tetragonal  System. — ^Lateral  axes  equal ;  the  vertical  a  Taryingaxis 
Ex.,  square  prism,  square  octahedron. 

3.  Orthobhombio  System. — Axes  unequal.  Ex.,  right  rhombic  prismi 
rectangular  prism,  rhombic  octahedron. 

B.  Axes  three ;  clinometric. 

1.  MoNooLiNic  System. — Axes  unequal ;  one  of  the  axial  intersection 
oblique,  the  other  two  rectangular.    Ex.,  the  oblique  prisms  (f.  25,  26). 

2.  Triolinio  System. — Axes  unequal ;  three  of  tne  axial  intersections  ob- 
lique.   Ex.,  oblique  rhomboidal  prism  (f.  27, 28). 

0.  Axes  four. — Hexagonal  System. — Three  lateral  axes  equal,  intersec^ 
ing  at  angles  of  60°.  The  vertical  axis  of  variable  length.  Example, 
hexagonal  prisms  (f.  29,  SO). 

The  so-called  Didinio  syebem  (two  oblique  axes)  is  not  known  to  oocnr,  for  the  single  sab- 
stance,  an  artificial  salt,  supposed  to  ciystaUize  in  this  system  has  been  shown  by  von  Zepha- 
rovich  to  be  tridinia  Moreover,  yon  Lang,  Quenstedt,  and  others  have  shown  mathemati- 
oally  that  there  can  be  only  six  distinct  systems. 

The  six  systems  may  also  be  arranged  in  the  following  groups : 

1.  Isometric  (from  ?(ro9,  equal,  and /xerpoi/,  measure),  the  axes  being  all 
equal ;  including :  I.  Isomktrio  System. 

2.  Isodiametrie,  the  lateral  axes  or  diameters  being  equal ;  including : 
II.  Tetragonal  System  ;  III.  Hfxagonal  System. 

3.  Anisometrio  (from  avi<To<;,  uneqtial^  etc.),  the  axes  being  unequal ;  in- 
cluding: IV.  Obthobhombio  System;  V.  Monoolinio  System  ;  Vl.  Tri- 
olinio oystem. 

A  further  study  of  these  different  systems  will  show  that  in  group  1 
the  crystals  are  formed  or  developed  alike  in  all  three  axial  directions ;  in 

f:roup  2  the  development  is  alike  in  the  several  lateral  directions,  but  un* 
ike  vertically ;  and  in  group  3  the  crystals  are  formed  unlike  in  all  three 
directions.  These  distinctions  are  of  the  highest  importance  in  relation  to 
the  physical  characters  of  minerals,  especially  their  optical  properties,  and 
are  often  referred  to  beyond. 

The  nnmbers  (in  Roman  numerals)  here  connected  with  the  names  of  the  system  are  often 
used  in  place  of  the  names  in  the  course  of  this  Treatise. 
The  systems  of  crystallization  have  been  variously  named  by  different  authors,  as  foUows : 

1.  Isometric.  Teimilar  of  Mohs  and  Haidinger ;  Iwmetiie  of  Hausmann ;  Teaser ai  of  Nau- 
maun ;  Begidar  of  Weiss  and  Bose ;  Cubio  of  Dufrenoy,  Miller,  Des  Cloizeauz ;  Monometric  of 
the  earlier  editions  of  Dana^s  System  of  Mineralogy. 

2.  Tetragonal.  Pyramidal  of  Mohs ;  Viergliedriqre,  or  Zwei-und-einaxige^  of  Weiss : 
Tetragonal  of  Naumann  ;  Monodimetrie  of  Hausmann  ;  Quadratic  of  von  KobeU  ;  Dimetrie  of 
early  editions  of  Dana's  System. 

8.  Hexagonal.  Bhambohedral  of  Mohs ;  Sechsgliedrige,  or  DreC^ntMnacnge  of  Weiss; 
Bixagonal  of  Naumann  *  Monotrimetric  of  Hausmann. 

4.  Obthorhombic.  rrismatie,  or  Orthotype^  of  Mohs;  Bin-und-dwaxige  of  Weiss; 
B/iombic  and  Anisometric  of  Naumann ;  Trimetric  and  Orifwrhombio  of  Hausmann ;  Trinut' 
ric  of  earlier  editions  of  Dana's  System. 

6.  MoNOCLiNic.  Hemipriematio  and  Hemiortliotype  of  Mohs ;  Zwei-tind-eingUederige  of 
Wdes:  Monodinohcdral  of  Naumann ;  CUnorhombie  ot  y.  KobeU,  Hausmann,  Des  Cloizeauz; 
AugifM  ot  Haidlnger ;  OMique  of  Miller,  Hfonoeynmietric  of  Groth. 

6.  Tbiclinic.  Tetarto^riematie  of  lA6bM\  Ein-und-eingUed&rige  of  Weiaa;  TrieUnohednjA 
of  Naumann ;  Olinarhomhoidal  of  t.  KobeU ;  Anorthic  of  Haidinger  and  Miller ;  AjMTthiCs  Of 
Poublff  Oblique,  of  Dea  Cloizeaux ;  AjeymnuiriOy  of  Groth. 
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4.  Laws  with  refkrenob  to  the  planes  oi  Cbystai^. 

The  laws  with  reference  to  the  positions  of  the  planes  of  crystals  are  two: 
first,  the  luw  of  simple  mathematical  ratio;  secondly,  ^A^  law  ofsymmetiy, 

1.  The  Law  of  sdcplb  Mathematical  Batio. 

The  crystallofijraphic  axes  aflFord  the  means,  after  the  methods  oi  analyti- 
cal geometry,  of  expressing  with  precision  the  relative  positions  of  the 
planes  of  crystals,  and  so  exhibiting  the  mathematical  ratios  pertaining  to 
crystallization.  These  axes,  as  has  been  stated,  are  supposed  to  pass  throngh 
the  centre  of  the  crystal,  and  every  plane  must  intersect  one,  two,  or  three 
of  them.     The  position  of  a  plane  is  obviously  determined  by  the  position 

of  the  points  in  which  it  meets  these  axes. 
Thus  the  plane  A  B  C,  f .  31,  meets  the 
three  axes  at  the  points  A,  B,  and  C,  and 
its  position  is  determined  by  the  dis- 
tances O  A,  O  B,  O  C,  intercepted  be- 
tween these  points  and  the  centre  O. 
Similarly  the  plane  A  B  D  meets  the 
axes  in  tJie  points  A,  B,  and  D,  and  its 
position  is  determined  by  the  distances 
O  A,  O  B,  O  D ;  and  in  the  same  manner 
with  any  other  plane.  On  the  crystals 
of  a  given  species  the  occurring  planes 
have  exact  numeiical  relations  to  each 
other,  and  it  is  to  show  these  relations 
that  certain  lengths  of  the  axes  are 
assumed  as  units.  Thus,  in  the  case 
already  given  if  O  C,  O  B,  O  A,  or  more 
briefly  c,  i,  a,  are  the  lengths  of  the 
axes*  (strictly  speaking  semi-axes)  for  a 
given  species,  then  the  position  of  the 
first  plane  is  expressed  by  lc\\h:la\  that  of  the  second  by  2c :  li  :  \a 
(if  0I)=20C),  and  still  another  plane  might  be  2c :  2J  :  la,  and  so  on. 
Conseauently  the  general  position  of  any  plane  may  bo  expressed  by 
mc\nb:  Ta^\  or  moi-e  simply  mcnh:  a,  as  every  plane  is  for  simplicity 
supposed  to  meet  orie  of  the  axes  at  the  unit  distance.  In  the  iii-st  case 
mentioned  above,  m  =1  and  n  =  1  ;  but  in  general  m.  and  n  may  vary  in 
value  from  zero  to  infinity.  The  law  of  simple  matliematical  ratio,  how- 
ever, requires  tliat  m  and  n,  which  express  the  ratios  in  the  lengths  of  the 
axes,  should  be  invariably  ratioval  numbers^  and  in  general  they  are  either 
u>/^)le  numbers  or  simple  /rations. 

This  principle  may  be  stated  as  follows  :  ^ 

The  position  of  the  planes  in  a  given  crystal  is  related  in  some  simple 

ratio  to  t/te  relative  lengths  of  the  axes, 

*  The  yeitical  axis  is  throughout  called  c,  see  p.  53. 

f  It  is  more  usual,  and  anidyticaUy  more  correct,  to  write  this  expression  ra  :nb  :  mc\ 
but  as  the  usual  symbols  take  the  form  m-Tiy  the  order  of  the  terms  used  here  and  elsewhert 
is  more  conyenient^ 
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This  subject  will  become  clear  in  the  subsequent  study  of  :he  dififerent 
crystalline  forms ;  in  passing,  however,  reference  may  be  made 
to  f.  32  (zircon)  as  a  single  example.  The  planes  lettered  1 
and  3  have  respectively  the  positions,  Ic:  \h  :  la,  and  So  :1b:  lay 
and  in  the  second  case  the  vertical  axis  has  exactly  three  times 
the  length  of  that  of  the  former ;  any  such  multiples  as  2.93  or 
8.07  are  crystallographically  impossible.  It  is  this  principle 
which  makes  crystallography  an  exact  mathematical  science. 
Some  apparent  exceptions,  such  as  occasionally  occur,  do  not  at 
all  set  aside  this  rule. 

The  expression  uiG  :  nS  :  a  is  called  the  symbol  of  a  plane,  as  it  expresses 
its  exact  mathematical  position,  and  the  values  of  m  and  n  are  called  its 
parameters.  If  a  plane  intersects  two  of  the  axes,  but  not  the  third,  it 
is  parallel  to  it,  and  mathematically  it  is  said  to  cut  it  at  infinity  (oo )  ; 
honce  the  general  expression  for  a  plane  parallel  to  the  vertical  axis  c  (as  in 
f .  33)  will  OG  <x)c  :  nb  :  ay  or  qoc  :  b  :  na^  according  as  a  or  J  is  taken  as 
the  unit ;  for  a  plane  parallel  to  the  lateral  axis  o  (as  in  f.  34),  it  will  be 
mc:  <xib:a\  ii  parallel  to  the  lateral  axis  a  (as  in  f .  36),  mo  :  b  :  oo  a. 

If  a  plane  is  parallel  to  two  axes,  b  and  a,  that  is,  intercepts  these  axes  at 


an  infinite  distance,  its  position  is  expressed  by  e? :  oo  5  :  oo  a,  as  is  illus- 
trated by  f.  36 ;  again,  its  position  is  expressed  by  oo  c  :  i  :  oo  a,  if  parallel 
to  0  and  a ;  and  by  oo  c  :  oo  J  :  a,  if  parallel  to  c,  J.  These  may  also  be 
written  Oc :?/ 


ay  etc. 


The  following  important  principle 
should  be  kept  in  mind.  The  relative 
not  the  absolute  position  of  any  plane 
has  to  be  regarded,  and  hence  all 
planes  parallel  to  each  other  are 
crystallographically  identical.  A 
plane  on  the  angle  of  the  cube  is  the 
same,  if  the  mutual  inclinations  re- 
main unchanged,  whether  large  or 
small,  for,  though  the  actual  distances 
cut  off  on  the  axes  may  differ  in  each 
case,  the  ratios  of  these  axes  are  iden- 
tical. Again,  in  f .  37,  the  three  planes, 
ic:  AA:  2<i,  and  2c  :  2b  :  a,  and  c  : 
b :  ^a  are  identical,  for  the  ratios 
of  the  three  axes  are  the  same 
throughout,  the  planes  being  of  course 
paralkl.    Similarly  the  symbol  lc:^:\a  may    be   written    8() : } :  a, 
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and  c  :  coh:  coa  is  the  same  s&  Oo:h  :  a.  It  will  be  seen  that  this  priu< 
ciple  makes  it  right  to  regard  every  plane  as  meeting  one  of  the  axes  at 
tlio  unit  distance  from  the  centre,  which,  as  before  stated,  reduces  the 
geiieml  expression  of  any  plane  mcinbira  to  the  simpler  form  mcinbia^ 
or  mc:b :  na. 

The  principle,  which  has  just  been  stated,  also  makes  it  evident  that  when 
the  axes  are  all  equal,  they  are  not  necessarily  considered  in  naming  the 
position  of  any  plane ;  when  the  lateral  axes  alone  are  equal,  a  certain 
length  of  the  vertical  axis  must  be  assumed  for  each  species  ;  and  when  all 
the  axes  are  unequal,  certain  lengths  for  two  of  the  axes,  expressed  in 
terms  of  the  third  axis,  must  in  every  case  be  adopted. 

Hence  the  fundamental  form  or  any  species  may  be  regarded  as  that 
octahedron  whose  axes  cori'espond  in  relative  lengths  with  the  axes  o,  b,  a 
adopted  for  the  species.  The  faces  of  this  octahedron  intersect  the  axes  at 
distances  from  the  centre  equal  to  nc,  nby  na  (or  c:  b  :  a)  respectively',  and, 
since  the  ratio  of  the  coefficients  which  expresses  the  position  ot  these 
planes  is  1  :  1 :  1,  this  form  is  also  called  the  unit  octahedron.  But  the 
form  is  not  necessarily  fundamental ;  for  it  is  frequently  more  or  less  arbi- 
trarily assumed,  and  the  structure  or  genesis  of  the  crystals  of  a  species  may 
point  to  other  forms,  having  very  oifiFerent  axial  relations,  as  will  appear 
from  facts  stated  beyond. 

Models.— For  clear  iUostration  of  the  axes  and  axial  ratiue  of  planes  it  is  weU  to  haye 
models  of  the  axes  made  of  rods  of  wood  mortised  and  glued  together  at  the  crossing  at  centre. 
The  rods  may  be  half  an  inch  in  diameter  and  10  or  12  inches  long ;  for  the  Isometric  system* 
three  equal  rods,  say  12  inches  long  ;  for  the  Tetragonal  system,  two  of  12  inches  for  the 
lateral  axes  and  one  of  8  or  14  inches  for  the  vertical ;  for  the  Orthorhombic,  one  of  16  inches 
for  axis  5,  one  of  10  inches  for  axis  c,  and  one  of  14  inches  for  axis  a,  (Either  axis  may  be 
made  the  yertioal  by  way  of  change.) 

For  the  Clinometric  systems,  make  a  second  model  like  that  for  the  Orthorhombic  system, 
but  with  the  rods  but  loosely  mortised  and  tied  together,  so  as  to  admit  of  a  little  movement 
at  centra  Then,  the  model  when  in  its  more  natural  position  wiU  be  that  of  the  orthorhom- 
bic system,  the  intersections  being  all  rectangular.  But  by  pushing  the  front  ntd  a  down  in 
the  plane  of  oa,  making  it  thus  oblique  to  e  while  at  right  angles  to  6,  the  model  wiU  repre- 
sent the  monoclinic  axes  ;  if  all  the  intersections  of  the  rods  are  oblique,  the  model  will 
represent  the  axes  of  the  TricUnic  system. 

Now  by  taking  a  laige  piece  of  thick  pasteboard,  and  placing  it  in  different  positions  with 
reference  to  the  three  axes,  the  relations  to  the  various  planes  may  be  readily  illustrated. 

Models  of  the  various  forms  of  crystals  are  idso  of  the  highest  importance  ;  and  the  best 
for  general  illustration  are  those  made  of  plate  glass,  some  of  them  having  the  positions  of 
the  axes  within  indicated  by  threads,  and  others  consisting  of  one  form  inside  of  another  to 
show  their  mutual  relationa  Such  glass  models  (first  made  by  Professor  Dana,  in  1885, 
and  recommended  in  the  first  edition  of  his  Mineralogy)  are  now  manufactured  of  great  per- 
fection at  Siegen,  in  Germany. 

Pasteboard  models,  likewise  useful  aids  to  the  study  of  crystallography,  are  easily  made 
from  the  outlines  of  the  faces  of  the  various  forms,  which  have  been  prepared  by  various 
authors. 

Models  cut  in  hard  wood  representing  the  actual  forms  of  the  various  mineral  species  are 
very  valuable,  when  accurately  made.  They  not  only  show  the  relations  of  different  planes, 
but  may  also  be  advantageously  used  to  give  the  stadent  practice  in  the  mathematical  cal- 
culations of  the  axes  and  parameters,  the  angles  being  measured  by  him  as  on  an  actual 
crystal.  Such  models  have  the  advantage  of  being  of  convenient  size,  and  symmeMoally 
formed,  which  are  conditions  not  often  realized  in  the  crystals  furnished  by  nature* 

2.  Law  of  Stmmetbt. 
The  symmetry  of  crystals  ia  based  upon  the  law  that  either  : 
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/.  AU  parts  of  a  oryatal  similar  in  position  with  reference  to  the  cw^ 
are  simi^/ir  in  planes  or  modification^  or 

IL  Each  half  of  the  similar  pa^fts  of  a  crystal^  alternate  or  symiaetrir 
oal  in  position  or  relation  to  the  other  half  may  he  alone  similar  in  it& 
planes  or  modifications. 

The  forms  resulting  according  to  the  first  method  are  termed  holohe- 
dral  forms,  from  5a.o9,  ally  SSpay  face ;  and  those  according  to  the  second, 
hemihedral,  from  fjfi^av^,  hair. 

According  to  the  law  of  fall  or  holohedral  symmetry,  each  sectant  in  one 
of  the  rectangular  systems  (a)  should  have  the  same  planes  both  as  to  num- 
ber and  kind";  and  (b)  whatever  the  kinds,  in  each  sectant  there  should  be 
as  many  of  each  kind  as  ai*e  geometrically  possible.  But  in  hemihedrism^ 
either  (a)  planes  ol  a  kind  occur  only  in  half  of  the  sectants ;  or  else  (J) 
half  the  full  number  occur  in  all  the  sectants. 

In  the  isometric  system,  for  example,  if  one  solid  angle  of  a  cube  has 
upon  it  a  plane  equally  inclined  to  the  diametral  sections,  so  will  each  of  the 
other  angles  (or  sectants)  (f .  39-42), 

If  one  of  the  twelve  edges  of  the  cube  has  a  plane  equally  inclined  to  the 
enclosing  cubic  faces  (or  diametral  planes)  the  others  will  have  the  same 
(f.  43-46). 

Again,  one  of  the  solid  angles  of  a  cube  being  replaced  by  six  planes,  as 
in  f.  70,  this  law  requires  that  the  same  six  planes  should  appear  on  all  the 
other  solid  angles. 

But  under  the  law  of  hemihedrism  these  planes  may  occur  on  half  the* 
solid  angles  of  the  cube,  and  not  on  the  other  half,  as  in  f .  87,  or  half  the 
full  number  of  planes  may  occur  on  all  the  angles,  as  in  f.  101.  This  subject 
is  further  elucidated  in  the  discussion  of  the  hemihedral  forms  belonging 
to  each  system  of  crystallization. 

Hemihedbism  is  of  various  kinds : 

1.  SblomorphiCy  in  which  the  occuring  planes  pertain  equally  to  both 
the  upper  and  lower  (or  opposite)  ranges  or  sectants,  as  in  all  ordinary  hemi- 
hedral forms. 

2.  HemimorphiCy  in  which  the  planes  pertain  to  either  the  upper  or  the 
lower  range,  and  not  to  both,  and  hence  the  planes  are  only  half  enough  of 
the  kind  to  enclose  a  space,  whence  the  term  hemimorphioj  from  rjfuav^in 
half  and  fi6p<l}rf,form^ 

The  holomorphic  forms  may  be  either : 

A.  Hemiholohedraly  half  the  sectants  having  the  full  number  of  planes, 
or 

B.  Hblohemihedraly  all  the  sectants  having  half  the  whole  number  of 
planes. 

Affain,  as  to  the  relative  positions  of  the  sectants  containing  the  planes, 
the  forms  mav  be : 

a.  Verticatly-directy  in  which  the  sectants  of  the  upper  and  of  the  lower 
ranges  are  alternate^  but  the  upper  not  alternate  with  reference  to  the  lower, 
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and,  accordingly,  each  plane  above  is  in  the  same  verticfal  zone  with  a  like 
plane  below  ;  as  in  forms  described  on  pp.  34, 35. 

b.  Vertically-dlternate^  in  which  tlie  sectants  of  the  upper  and  lowei 
ranges  are  alternate^  and  also  the  upper  are  alternate  with  rererence  to  the 
lower,  and,  accordingly,  each  plane  above  is  not  in  the  same  vertical  zone 
with  alike  plane  below;  as  in  the  tetrahedron  (f.  9),  rhombohedron  (f.  16), 
and  gyroidal  forms  (f.  182). 

c.  VerticaUy-oblique^  m  which  the  sectants  of  the  upper  and  lower  ranges 
are  adja^cent^  but  the  upper  are  situated  diagonally  with  reference  to  the 
lower,  being  on  tlie  opposite  side  of  a  transverse  diametral  or  diagonal 
plane  ;  as  in  hemihedrons  of  monoclinic  habit  under  the  orthorhombic 
system  (p.  45). 

Tetartohedrism, — Mathematically  the  rhombohedron  is  a  hemihedron  un- 
der the  hexagonal  system,  consequently  the  forms  that  ai*e  hemihedral  to  the 
rhombohednm  are  tetartoJiedrona^  or  quarter-foiTOB.     See  p.  39. 

Tetartohedral  fonns,  or  those  with  one-fourth  of  the  normal  number  of 
planes,  have  also  been  observed  in  the  Isometric  system.  The  term  TThero- 
aedrism^  from  /lipo^j  part,  and  IBpaj  face,  has  been  used  in  place  of  hemi- 
hedrism,  to  include  bom  this  and  tetartohedrism. 


I.— ISOMETRIC  SYSTEM. 

A.  HoloJiedral  Forma. 

In  the  IsoMBTBio  system  the  axes  are  equal,  so  that  either  one  may  be  the 
vertical  axis,  and  each  may  be  called  a.  it  has  already  been  shown  that  the 
general  expression  for  any  plane  meeting  the  axes  c, h,a  is  mci  7}h\  a\  and 
m  this  system  it  will  be  ma  :na  :  a,  or,  since  the  axes  are  equal,  simply 
m:  n:l.  Now  it  has  been  shown  also  that  according  as  a  plane  intei*secta 
the  several  axes  at  different  points,  or  is  parallel  to  one  or  more  of  them, 
this  fact  is  indicated  by  the  values  given  tor  m  and  n  in  each  case  (p.  1]). 
Hence  expressions  for  all  the  forms  geometrically  possible  in  this  system 
will  be  obtained  if  to  m  and  ti,  in  the  general  expression  ma  :  na:  a,  succes- 
sive values  are  given.  These  values  may  be  in  this  system,  0, 1,  a  number 
gi*eater  than  1,  or  oo .     In  this  way  are  derived : — 

1.  m  :  n  :  1     [m-n]      when  m  and  n  have  both  dififei-ent  values  greater 

than  unity. 

2.  m:m:l     [m-m]    when  m  >  1, n  =  m. 
8.    m  :   1  :  1       [m]      when  m  >  l,n  =1. 

4.  1:1:1       [1]  when  m  and  /i  =  1. 

5.  00  :  n  :  1  [^-7^]  when  m  =  oo ,  ti  >  1. 

6.  00  :  1  :  1        [i]  when  m  =  oo ,  n  =  1. 

7.  00  :  00  :  1  [it]  when  m  and  /i  =:  oo . 

In  lettering  the  planes  of  the  seyeral  forms  only  the  essential  part  of  the  sjrmbol  is  used:  tb€ 
enbo  is  II  (hexahedron) ;  the  octahedron  1(=1  :  1  :  1) ;  the  dodecahedron  »'  (oo  :  1  :  1),  (  tf 
stands  for  infinlt^y) ;  m  is  used  for  the  planes  m  :  1 :  1  ;  m-m  for  mim:  I ;  t-nfor  «  :  n :  1  * 
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system  ,  --  v  -^  * 
and  m  0  n^m-n. 

Each  of  these  expressions,  appearhig  at  first  sight  possibly  a  little 
obscure,  may  be  translated  into  simple  language. 

Cube, — The  cube  with  the  symbol  oo  :  oo  :  1,  is  composed  of  planes  each 
one  of  which  is  parallel  to  two  of  the  axes,  and  meets  the  third  at  its  unit 
point  (see  f .  36).  It  is  evident  that  tliere  are  six  such  planes,  one  at  each 
extremity  of  the  three  axes,  and  the  figure  or  crystal  which  is  enclosed  by 
these  six  planes  has  already  been  described  (p.  5)  as  the  cvie  (f.  38). 

Octahedron, — The  symbol  1:1:1  comprises  all  those  planes  which  meet 
the  three  axes  at  the  same  distance,  that  is,  cut  off  the  unit  length  of  each. 
It  is  evident  that  there  must  be  eight  such  planes,  one  in  each  octant,  and 
they  together  form  the  regular  octahedron  (f.  42),  which  has  already  been 
described,  p.  4. 

Dodecahedron. — The  symbol  oo  :  1 : 1  includes  those  planes  which  inter- 
cept two  of  the  axes  at  the  same  unit  distance,  and  are  parallel  to  the 
third.  There  can  be  twelve  planes  answering  to  these  conditions,  and  they 
form  together  the  dodecahedron  (f .  45,  see  also  p.  6). 

These  three  forms,  the  cube,  octahedron,  and  dodecahedron,  are  those 
most  commonly  occurring  in  this  system,  and  it  is  important  that  their  rela- 
tion should  be  thoroughly  understood.  The  transitions  between  these  forms, 
as  they  modify  one  another,  are  exhibited  in  the  following  figures  : 
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Figs.  38  and  42  represent  the  cube  and  octahedron,  and  89,  40,  41,  the 
intermediate  forms.  Slicing  off  from  the  eight  angles  of  a  cube  piece  after 
piece,  such  that  the  planes  made  are  equally  inclined  to  If^  or  the  cubic  faces, 
the  cube  is  finally  converted  into  the  regular  octahedron  ;  and  the  last 
disappearing  point  of  each  face  of  the  cube  is  the  apex  of  each  solid  angle 
of  the  octahearon.  The  axes  of  the  former,  therefore,  of  necessity  connect 
the  apices  of  the  solid  angles  of  the  latter. 

The  form  in  f.  40  is  called  a  cubo-octahedron.    ZTa  1=126*"  16'  62". 

If  the  twelve  edges  of  the  cube  are  truncated  (for  all  will  be  truncated  il 
OQO  is)  it  affords  the  form  in  f.  43  ;  then  that  oi  f.  44 :  then  the  doJcu-ahe- 
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dron,  f .  45 ;  the  axes  of  the  cube  becoming,  in  the  transition,  the  axes  con 
necting  the  teti*ahedral  solid  angles  of  the  dodecahedron  ;  H  ^i=  135*.  II 
the  twelve  edges  of  the  octahedron  (f.  42)  are  truncated,  the  form  in  f.  47 
results  ;  and  by  continuing  the  replacement,  finally  the  dodecahedron  again 
is  formed  (f.  45).  1  A  i  =  144°  44'  8".  The  last  point  of  the  face  of  tlio 
octahedron,  as  it  disappears,  is  the  apex  of  the  trihedral  solid  angle  of  the 
dodecahedron. 

These  forms  are  thus  mutually  derivable.  The  process  may  be  revei-sed, 
the  cube  being  derivable  from  the  dodecahedron  by  the  truncation  of  the 
tetrahedral  solid  angles  of  the  latter  (compare  in  succession  f.  45,  44,  43, 
38)  ;  and  the  octahedron  by  the  truncation  of  the  trihedral  solid  angles 
(compare  f.  46,  47,  42).  These  remarks  are  important  as  showing  the  rela- 
tions between  these  forms,  though  it  is  of  course  not  intended  to  be  under- 
stood that  they  are  in  any  sense  derived  from  each  other  in  this  manner  in 
nature. 

The  three  axes  (or  cubic  axes)  connect  the  centres  of  opposite  faces  in  the 
cube  /  the  apices  of  opposite  solid  angles  in  the  octahedron ;  the  apices 
of  opposite  tetrahedral  solid  angles  in  the  dodecahedi-on. 

The  eight  trigonal  or  octahedral  interaxes  connect  the  centres  of  opposite 
'faces  in  the  octahedron  /  the  apices  of  opposite  solid  angles  in  the  cube  ; 
the  apices  of  opposite  trihedral  solid  angles  in  the  dodecahedron. 

The  twelve  rlwrabic  or  dodecahedral  interaxes  connect  the  centres  of  op- 
posite faces  in  the  dodecahedron  /  the  centres  of  opposite  edges  both  in  the 
cube  and  the  octahedron. 

In  a  vertical  section,  containing  each  of  these  kinds  of  axes,  the  octahe 
dral  interaxis  intei-sects  one  of  the  three  cubic  axes  at  the  angles  54°  44'  S 
and  125*  15'   52",   and  one  of  the 
dodecahedral  interaxes,  at  the  an- 
gles 35°  15'  52"  and  144°  44'  8". 

There  remain  four  other  holohe- 
dral  forms  belonging  to  the  system 
as  contained  in  the  Rst  on  page  14. 

Trisoctahedrons.  —  The  sy m  bol 
m :  1  : 1  is  of  that  solid  each  of 
whose  planes  meets  two  of  the  axes 
at  the  unit  distance,  and  the  third 
axis  at  some  distance  which  is  a 
multiple  of  this  unit  length.  It  will 
be  evident,  as  in  f.  48,  that  there 
are  three  such  planes  in  each  of  the 
eight  sectants,  and  hence  the  total 
number  of  planes  by  which  the  solid 
is  bounded  is  twenty-four.  The 
resulting  solid  is  called  a  trigonal 
trisoctaliedrony  and  one,  having 
m=|,  is  shown  in  f.  49. 


48 


It  will  befoand  a  yeiy  yalaable  practice  for  the  ftadent  1o  construct  the  fignres  of  tlM 
■nflooMive  cayitalline  f omu  in  this  way,  lajing  off  the  proper  lengths  of  the  Beyeral  axes  and 
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noting  the  points  where  the  different  planes  intersect.     Further  remarks  on  the  drawing  of 
ciystals  will  be  found  in  the  Appendix. 

49 

The  symbol  m:  m  :1  belongs  to  all  the  planes  which 
meet  one  axis  at  the  unit  distance,  and  the  othei-s  at  equal 
distances  which  are  multiples  of  the  former.  As  seen  in  the 
preceding  case,  there  will  be  three  such  planes  in  each  of 
the  eight  sectants,  and  the  total  number  consequently  will 
be  twenty-four.  The  solid  is  seen  in  f.  50,  and  is  called  a 
tetroffonal  trisoctahedronj  or  a  trapezohedron. 

Both  these  forms  are  called  trisoctahedrons,  from  rpU,  three  thneSy  and 
octahedron,  because  in  each  a  three-sided  pyramid  occupies 
the  position  of  the  planes  of  the  regular  octahedron.  They 
are  closely  related  to  each  other ;  starting  with  the  form 
r/i  :  1  :  1,  if  m  is  diminished  till  it  equals  unity,  then  the 
symbol  becomes  1:1:1,  that  is,  it  has  passed  into  the  octa- 
hedron. If  m  becomes  less  than  unity,  the  symbol  may  be, 
for  example^  i  :  1  :  1,  which  is  identical,  as  has  been  ex- 
plained (p.  11)  with  1:2:2  (2-2),  and  this  is  the  symbol  of 
the  second  trisoctahedron.  This  explains  why,  in  the  fii-st  list  comprising 
all  the  possible  forms,  m  was  in  no  case  made  less  than  unity. 

Trigonal'trisoctdhedTon, — In  this  form  the  solid  angles  are  of  two 
kinds  :  the  trigonal  or  octahedral,  and  the  octagonal  or  cubic.  The  edges  are 
thii-ty-six  in  number,  twenty-four  of  one  kind,  forming  the  octahedral  or 
trihedral  solid  angles,  and  twelve  edges  meeting  at  the  extremities  of  the 
cubic  axes.     Each  of  the  twenty-four  planes  is  an  isosceles  triangle. 
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In  combination  with  the  cube,  the  form  2  appears  as  a  replacement  of 
each  of  the  solid  angles  by  three  planes  equally  inclined  on  the  edges  ;  this 
is  seen  in  f.  52.  With  the  octahedron,  it  appears  as  a  bevelment  of  its 
twelve  edges,  as  shown  in  f.  53.  It  also  replaces  the  eight  trigonal  solid 
angles  of  a  dodecahedi'on  by  three  planes  inclining  on  the  faces.  "The  more 
commonlv  occurring  examples  of  this  form  are  2  (=2  :  1  :  1),  also  J  (=| 
:  1  :  1),  and  3  (3  :  1  : 1). 

The  Tetragondlrtrisoctahedron  or  trapezohedron,  has  three  kinds  of  solid 
angles :  six  cubic,  whose  truncations  are  cubic  faces  (f.  56) ;  eight  octahe- 
dral, whose  truncations  are  octahedral  faces  (f.  56) ;  twelve  dodecahedral, 
truncated  by  the  dodecahedral  planes  (f .  60).  It  has  forty-eight  edges ; 
twenty-four  of  one  kind,  those  of  the  trihedi-al  or  octahedral  solid  angles, 
and  the  remaining  twenty-four,  also  of  one  kind,  meeting  in  the  cubic  solid 
angles.     Each  or  the  twenty-four  faces  is  a  quadrilateral. 

In  combination  with  the  cube  it  is  seen  in  f .  55,  56,  appearing  as  a  re 
placement  of  each  of  the  solid  angles  by  three  planes  equally  inclined  on 
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rtie  faces  of  the  cnbe.  Fifre,  56,  BY,  58,  59,  60,  62,  aleo  show  it  in  com 
biiiatioii  with  the  octahGdvuu  and  dodecahedron.  The  most  eoinmoii]; 
occiimngot'  this  Beries  IB  2-2  (=2  :  2  :  1),  f.  54;  as  seen  in  f.  59,  it  trnncatea 
thetweiity-fonr  edf;ea  of  the  dodecahedron.     On  tlie  other  band  tiio  form 


j-|  would  replace  the  trihedral  solid  angles  by  planes  inclined  on  the  edges, 
while  3-3  i-cplaces  (£.  62),  the  tetrahedral  solid  angles  of  the  dodecahedron, 
by  planes  also  inclined  on  the  edges. 

Tetrahexahedron, — The  symbol  » :  n  ;  1  {i-ti)  belongs  to  all  tlie  planes 
which  are  parallel  to  one  axis,  meet  a  second  at  the  unit  distance,  and  the 
third  at  some  multiple  of  that.  Tiiere  are  twenty-fuur  planes  which  satisfy 
tliese  conditions,  and  t\iQy  ior\ni\i&  tetra/iexah^dron  :  f,  64, 65,  represent  two 
varieties  of  tetrahexahedrons.  It  will  be  seen  that  the  planes  are  so 
an-anged  that  a  square  pyramid  correspoiida  to  each  of  the  six  faces  of  the 
i-.nbe  ;  and  hence  the  name  fj-om  TerpaKt?,  four  times,  ?f,  six,  and  ISpa, 
fac6,\t  being  a  4xfi-fai;ed  solid.  Tne  tetrahoxahodron  has  six  tetrahe- 
di'iil  solid  angles  and  eight  liexahedral  or  octahedral  solid  angles.  There  are 
twenty-four  edges  of  one  kind  forming  the  former  solid  angles,  and  twelve 
edges  occupying  the  position  of  the  cubic  edges.  Each  of  the  twenty-four 
facef  is  an  isosceles  triangle.  In  combination  with  the  cube  it  prodnces  a 
bevcbncntof  its  twelve  edges,  as  represented  in  f.  64. 


The  tetrahexahedron,  in  f.  65,  lettered  i-2,  has  the  symbol  qo  :  9  :  1 ;  and 
that  of  f.  66,  lettered  i-Z,  oo :  8  ;  1.  Some  of  the  other  occurring  kinds  ara 
thoee  with  the  ratios,  2  :  3,  3  :  4,  4  :  5,  etc.,  etc. 

The  relation  of  the  tetrahexahedron  to  the  octahedron  is  shown  in  f.  C7 
By  comparinfE  this  fi^tire  with  f.  42,  it  is  seen  that  the  planes  i-2  i-u]  lace 
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the  solid  angles  of  the  octahedron  by  planes  inclined  on  its  edges.  Its  rela- 
tion to  the  dodecahedron  is  presented  in  f.  68,  which  is  a  dodecahedi'on 
(planes  i  being  the  dodecahedral  planes,  see  f .  45)  with  the  tetrahedral  solid 
angles  i-eplaced  by  four  planes  inclined  each  on  an  i. 

The  tetrahexahedron  is  called  a  fluoroid,  by  Haidinger,  the  form  being 
common  in  fluorite.  It  is  the  Tetra/cishexoAedron  ^or  Pyi-amidenwiirfe^ 
of  Naumann. 

In  accordance  with  considerations  alread}^  presented  it  is  evident  that  n, 
in  the  symbol  i-;i,  may  always  be  written  as  a  whole  immber,  for  the  symbol 
00 :  J  :  i  is  identical  with  oo :  1  :  2.  Moreover  it  is  seen  that  when  ti  is  oo  , 
the  form  passes  into  the  cnbe  (^ :  oo :  1),  and  as  n  diminishes  and  becomes 
nnity,  it  passes  into  the  dodecahedi'on  (oo :  1  :  1). 

llexoctahedron. — The  general  form  m  :  n,  includes  the  largest  number 
of  similar  planes  geometrically  possible  in  this  system.  This  symbol 
requires  six  planes  in  each  octant,  as  will  be  seen  by  a  method  of  con- 
struction similar  to  that  in  f.  48,  and  consequently  the  whole  solid  has 
forty-eii^lit  planes.  It  is  hence  called  a  hexakisoctahedron  (e^a/ci^,  aix 
tif/ies,  oKTto,  eighty  and  SBpa,  face,  2.<?.,  a  G  x  8-faced  solid)  or  hexoctahedron. 
The  form  is  shown  in  f.  69,  where  it  will  be  seen  that  there  are  ^Ar^^  differ- 
ent kinds  of  edges,  and  three  kinds  of  solid  angles;  each  of  tlie  forty- 
eight  planes  is  a  scalene  triangle. 

When  modifying  the  cube  it  appeai-s  as  six  planes  replacing  each  of  the 
solid  angles,  f.  70.     It  replaces  the  eight  angles  of  the  octahedron,  and  the 

09  70  71  . 


form  3-f  bevels  the  twenty -four  edges  of  the  dodecahedi'on  (f.  71).  Other 
hexoctahedrons,  differing  in  their  angles,  may  replace  the  six  acnte  solid  an- 
gles of  the  dodecahedron  by  ^'^A^  planes,  or  the  eight  obtuse  by  six  planes. 
The  hexoctahedi-oM  of  f.  G9,  70,  71  is  that  whose  planes  have  the  axia 
ratio  3  :  f  :  1.  Others  have  the  ratio  4  :  2  : 1,  2  :  | :  1  (=6  :  4  :  3),  5  :  | :  1 
1=16  :  5  :  3),  7  :  J  :  1  (=21  :  7  :  8),  etc. 
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The  preceding  figures  show  dodecahedrons  variously  mcdmed.  In 
f.  72,  I^  or  i,  are  faces  of  the  dodecahedron ;  Hoi  the  cube  ;  1  of  the  octa- 
hedron ;  i-3  of  a  tetrahexahedron  (f .  66) ;  2-2  of  tlie  trapezohedrou  of  f .  54 
59 ;  3-|  of  the  hexoctahedron  of  f .  69,  70.  In  f .  73,  z,  (?,  and  1  ai-e  as  i» 
f.  72 ;  3-3  is  the  trapezohedrou  of  f .  61, 62 ;  and  5-|  (either  side  of  3-3)  a 
hexoctahedron. 

The  hexoctahedron  is  called  the  adamantoid  by  Ilaidinger,  in  allusion 
to  its  being  a  common  form  of  crystals  of  diamond.  It  is  the  liexakisocta' 
hedron  of  Naumann. 

B.  Hemihedral  Forma. 

Of  the  kinds  of  hemihedral  forms  mentioned  on  page  13,  the  heiniho- 
loliedraZ^  in  which  only  half  of  the  sectants  are  represented  in  the  form, 
produces  what  are  called  inclhied  hemihedrona  :  and  the  holohernihedral^  in 
which  all  the  sectants  are  represented  by  half  the  full  number  of  planes, 
parallel  hemiJiedrona.     In  the  former  the  sectants  to  which  the  occurring 

E lanes  belong  are  diagonally  opposite  to  those  without  the  same  planes ;  ana 
ence  no  plane  has  another  opposite  and  parallel  to  it;  on  the  contrary, 
opposite  planes  are  oblique  to  one  another,  and  hence  the  name  of  inclined 
hemihedrons  applied  to  them.  They  are  also  called  tetrahedral  forms,  the 
tetrahedron  being  the  simplest  form  of  the  number,  and  its  habit  character- 
istic of  them  all ;  while  the  latter  are  called  py^riiohedralj  because  observed 
in  the  species  pyrite.  The  complete  symbols  of  the  inclined  hemihedrons 
are  written  in  the  general  form  ^(m  :  n  ;  1),  of  the  parallel  hemihedrons 
in  the  form  \  [rii :  ti  :  1]  ;  also  written  /c(m  :  ti  :  1)  and  7r(m  :  ti  :  1)  re- 
spectively. 

a,  Indined-  or  Tetrahedral  Heinihedrons,  1.  Tetraliedron^  or  Semi- 
octdkedron. — i(l :  1 : 1). 

As  has  been  shown,  the  form  1(1  :  1  :  1)  embraces  eight  planes,  and  when 
holohedrally  developed  it  produces  the  octahedron ;  in  accordance,  how- 
ever, with  the  law  of  hemihedrism,  AaZ/*  of  the  eight  possible  planes  may 
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occur  in  alternate  octants ;  thus  in  two  opposite  sectants  above,  and  rhe 
two  diagonally  opposite  below,  as  shown  by  the  shaded  planes  in  f.  74.     If 
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these  four  shctded  plane^  are  suppressed,  while  the  other  four  of  the  octa- 
hedron arc  extended,  the  resulting  form  is  the  regular  tetrahedron,  f.  76. 
The  relation  of  the  octahedron  and  tetrahedron  may  be  better  understood 
from  f.  75.  If,  as  just  remarked,  the  planes  shaded  in  f.  74  are  suppressed, 
while  the  othere  are  extended,  it  will  be  seen  in  f.  75  that  the  two  latter 
pairs  intersect  in  edges  parallel  respectively  to  the  basal  edges  of  the 
octahedron,  and  the  complete  tetrahedron  is  the  result.  The  axes,  it  is  im- 
portant to  observe,  connect  the  middle  points  of  the  opposite  edges. 

Further  than  this,  since  either  set  of  four  planes  may  go  to  form  the  solid, 
two  tetrahedrons  are  evidently  possible,  and  they  may  be  distinguished 
br  calling  the  firat,  f.  76,  positive,  and  the  second  negative,  f.  76a. 
These  terms  are  of  coui-se  only  relative.  The  plus  and  the  miiuis  tetrahe- 
drons may  occur  in  combination,  as  in  f.  79 ;  and  though  there  are  here  pre- 
sent the  eight  planes  which  in  holohedral  forms  make  the  octahedron,  and 
though  they  should  happen  to  be  equally  developed  so  as  to  give  the  same 
shape,  the  crystal  would  still  be  pronounced  tetrahedral,  since  the  planes 
1  and  —1  are  physically  different.  An  example  of  this  occurs  in  crystals 
of  boracite,  where  the  planes  of  one  tetrahedron  are  polished  while  those  of 
the  other  are  without  lustre. 

The  plane  angles  of  the  tetrahedron  are  60^,  and  the  interfacial  angles 
70^  31'  44". 

The  combinations  of  the  cube  and  tetrahedron  are  shown  in  f.  77  and  78, 
and  the  dodecahedron  and  tetrahedron  in  f.  80.  As  the  octahedron  results 
geometrically  from  slicing  off  successively  the  solid  angles  of  the  cube,  by 
planes  of  equal  inclination  on  the  cubic  faces,  so  also  the  tetrahedron  may 
be  made  mechanically  by  slicing  off  similarly  AaZ/*  these  solid  angles. 
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JTemi-trisoctahedronSy  i(m  :  m  :  l)and  i(7/i :  1  :  1).  In  the  same  manner 
as  with  the  tetrahedron,  the  form  m-m^  when  hemihedral,  may  have  half  its 
twenty-four  planes  present,  viz.,  those  in  the  two  opposite  sectants  above 
and  the  alternate  sectants  below.  When  these  twelve  planes  are  .extended, 
tlie  others  being  suppressed,  they  form  the  solid  represented  in  f.  81 ;  the 
symbol  properly  being  \{  m-m),  or  here  i(2-2).  The  faces,  as  will  be  ob 
served,  are  trigonal,  and  the  solid  is  sometimes  called  a  cuproid.  There  is 
the  same  distinction  to  be  nftide  here  between  the  plus  and  the  minus  forms 
as  with  the  tetmhedrons.  Figs.  82,  83,  84  show  combinations  of  -t--J(m-m) 
witJx  the  plus  tetrahedron,  the  dodecahedron,  and  the  tetrahexahedron. 

Bimilarlv  the  form  m,  when  hemihedral,  according  to  the  same  principle 

results  in  tiie  solid,  f .  85.     It  is  called  the  ddtohedron  by  Ilaidinger ;  it  has 

trapezoidal  faces.    In  f.  86,  +i(f)  is  shown  in  combination  with  +^(2-2). 

Here  also  the  distinction  between  the  plus  and  minus  forms  is  to  be  made  in 

,  the  same  manner  as  that  already  explained. 
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Inclined  or  tetrahedral  Hemi-JiexoctaJied/ron  i^m  :  n  :  1).  The  form  m-n 
when  developed  according  to  the  law  of  inclined  hemihedrism,  that  is, 
when  of  its  lorty-eight  faces,  half  are  present,  viz.,  all  in  half  the  whole 
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nnmber  of  sectants,  produces  the  solid  seen  in  f.  87.    There  is  here  also  a 

f^his  solid,  and  a  minus  solid,  corresponding  to  the  +  and  —  tetrahedron, 
n  f.  SS  it  is  in  combination  with  the  plus  tetrahedron. 
If  the  same  method  of  inclined  hemihedrism  be  applied  to  the  remain- 
ing solids  of  this  system,  the  cube,  dodecahedron,  and  tetrahexahedron,  that 
is,  if  in  each  case  the  parts  in  two  opposite  sectants  above,  and  the  two  diag- 
onally opposite  sectants  below,  be  conceived  to  be  extended,  the  other  half 
being  suppressed,  it  will  be  seen  that  the  solid  reproduces  itself ;  the  hemi- 
hedral  form  of  the  cube  is  the  cube,  and  so  of  the  othei*s. 
The  following  figures  represent  some  other  combinations  of  these  forms. 
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In  f .  89,  the  cuproid  3-3  is  combined  with  the  faces  /of  a  dodecahedron. 
The  form  3-3  resembles  closely  that  of  f.  81,  but  in  its  combination  with 
the  dodecahedron  it  does  not  truncate  an  edge  of  the  dodecahedron,  like  2-2 
in  f.  83.  Fig.  89a  contains  tlie  same  planes  con)bined  with  tlie  jplus  tetra- 
hedron, hexagonal  planes  1,  the  minus  tetrahedron,  triangular  planes  1,  and 
the  faces  of  the  cube  ZT.  The  presence  of  the  plane  JS'facilitates  the  com- 
parison of  tlie  form  with  f.  55,  56,  57,  p.  18,  tlie  plane  3-3  having  the  same 
position  essentially  with  2-2.  Fig.  90  lias  as  its  most  prominent  planes  those 
of  f.  81 ,  but  the  position  given  it  is  relatively  to  f.  81  that  of  the  minvs 
hemihedron ;  and  there  are  also  the  small  planes  2-2  about  the  angles, 
which  are  those  of  the  minus  hemihedron.  11^  are  planes  of  the  cube ; 
1,  those  of  the  tetrahedron;  t,  those  of  the  dodecahedron  ;  i-3  those  of  a 
tetrahexahedron  (Z?,  i,  i-3  all  holohedral) ;  and  |  the  planes  of  a  dcltohn- 
dron  similar  to  f.  85,  and  occurring  with  2-2  in  £  86. 
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h.  ParMel  or  pyritohedral  /lemihedrons. — According  to  the  second  la\w 
of  herailiedrism,  half  the  whole  number  of  planes  of  any  foiin  may  be  pre- 
sent in  all  the  sectants.  In  the  resulting  solids  each  plane  has  an^Jther  par- 
allel to  it.  This  method  of  hemiliedrisni  obviously  produces  distinct  form% 
only  in  those  cases  where  there  is  an  even  number  of  planes  in  each  octant. 

Peiitagoiiat  Dodecahedron^  or  IIe7ni~tetrakexaIiedTon^  ^(oo :  7^  :  1).  If 
of  the  twenty -four  planes  of  the  form  v-n  (oo :  n  :  1),  only  half  are  present ; 
viz.,  one  of  each  pair  in  the  maimer  indicated  by  shading  in  f.  91,  these 
being  extended  while  the  others  are  suppressed,  the  solids  in  f.  92  and  f.  93 
result.  The  parallelism  of  each  pair  or  opposite  planes  will  be  seen  in  these 
figures.  These  two  pc^sible  forms,  seen  in  the  figures,  are  distinguished  by 
calling  owQ  plu8  (arbiti-arily),-}-^[i-2],  and  the  other  minus,— ^[i-2].  These 
solids  are  very  common  in  the  species  pyrite,  and  are  hence  (^^Wq^l  jpyritohe- 
droixs  ;  they  are  also  called  pentagonal  dodecahedrons,  in  alhision  to  their 
pentagonal  faces.  The  regular  dodecahedron  of  geometry  belongs  to  this 
class,  but  is  an  impossible  n)rm  in  nature,  since  for  it  n  must  have  an  irra- 

tional  value,  viz.,    — - — ,  see  p.  10. 

2 

In  combination  with  the  cube  the  form  +i[i-2]  is  seen  in  f.  94  and  f.  95, 
and  in  f.  96,  97,  witli  the  octahedron,  and  in  f.  98,  with  the  cube  and  octa- 
hedron. 
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Parallel   hemirhexoctahedron^  \\m  :  n  :  1].     Wlien  of  the  forty-eight 
planes  of  the  form  m-n,  only  half  are  present,  viz.,  the  three    alternate 


99 


100 


101 


103 


E lanes  in  each  octant  as  indicated  by  the  shading  in  f .  99,  the  solid  in 
,  100  results.    This  solid  is  called  a  diploid  by  Haidinger.    It  is  also  called 
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a  dyakis-dodecahedron.    In  f.  101  it  is  shown  in  combination  with  the  cube, 
and  in  f .  102  with  the  octahedron. 

Figs.  103,  104, 105,  of  the  species  pyrite,  represent  various  combina- 
tions of  parallel  hemihedrons  witli  the  cubic  and  other  faces.  In  f.  103 
there  are  planes  of  twohemi-tetrahexahedroiis  (pentagonal  dodecahedrons) 
i-2,  i-f ;  and  of  two  diploids  4-2,  3-f ,  along  with  planes  of  the  octahedron, 
1,  and  of  the  trapezohedron  2-2.  In  f.  104  the  dominant  form  is  the  dode- 
cahedron, /;  it  has  the  faces  of  the  cube,  H\  of  the  octahedron,  1 ;  of  th« 
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trapezohedron,  2-2 ;  and  of  the  parallel  hemihedrons,  i-2  and  4-2.  Fig. 
105  represents  a  map  of  one  angle  of  a  cube,  showing  at  centre  the  octahe- 
dral face  1,  and  around  it  the  faces  of  the  cube  i/,  of  the  trapezohedron 
2-2,  the  trigonal  trisoctahedron  2,  and  the  parallel  hemihedrons,  i-2,  2-|, 
3-f.  The  axial  ratio  for  2-f  is  2  :  ^  :  1  (or  6:4:2),  and  for  3-^,  3  :  |  :  I 
(or  6:3:2). 

Prominent  distinctive  characters. — The  student,  in  order  to  facilitate  his 
study  of  Isometric  forms  in  nature,  should  be  thoroughly  familiar  with  the 
following  points,  from  the  study  of  models  or  natural  crystals ;  (1)  The 
isometric  character  of  the  symmetry,  the  planes  being  alike  in  grouping  in 
the  direction  of  the  three  akes.  (2)  The  forms  of  the  faces  and  solid  an- 
gles of  the  octahedron,  the  dodecahedron,  the  trapezohedron  2-2,  the  pen- 
tagonal  dodecahedron  i-2.  (3)  The  fact  that  the  following  are  common  an- 
gles in  the  sy8tem~135^  (=IlAf);  109°  28'  (angle  of  octahedron),  70°  32' 
(angle  in  octahedron  and  tetrahedron) ;  120°  (angle  of  dodecahedron);  125° 
16'(=Ha1);  144°44'(=HA2-2=lAi);  153° -6'(=IlAi-2);  161°  34^  (=11 
Ai-3).  A  list  of  the  angles  belonging  lo  the  various  forms  of  this  system  is 
given  on  p.  67.  (4)  Cleavage  may  be  cuhicy  octahedral^  or  dodecahedral  / 
and  sometimes  two  of  these  kinds,  and  occasionally  the  three,  occur  in  the 
same  species,  but  always  with  great  difference  of  facility  between  them. 
Galenite  is  an  example  of  easy  cubic  cleavage ;  fluorite  of  easy  octahedral ; 
sphalerite  (blende)  of  easy  dodecahedral. 

Plcvnes  of  symmetry, — The  bcven  kinds  of  solids  described  on  pp.  15  to  19, 
include  ^^ZTthe  holohedral  forms  possible  in  this  system,  as  is  evident  from 
their  geometrical  development,     in  them  exists  the  highest  degree  of  sym 
nietry  possible  in  any  geometrical  solids. 

In  the  cube,  as  has  already  been  stated,  all  planes,  solid  angles,  and  edgefl 
are  equal  and  similar.  The  three  diametral  planes,  passing  each  through 
two  of  the  axes,  arft  the  chief  planes  of  symmetry,  every  part  of  the  crystal 
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on  one  side  of  the  plane  liaving  its  equal  and  sjui  metrical  part  on  the  oppo< 
Bite  side.  Furtlier  than  this,  each  ot  the  six  planes  passing  through  the 
diagonal  edges  of  the  cube,  and  conseouently  parallel  to  the  dodecahedral 
planes,  are  also  planes  of  symmetry.  There  are  hence  in  this  system  nin-^ 
planes  of  symmetry. 


1. 

mc:  na\  a 

[m-n] 

2 

{ c  :a: a 

[1] 

••• 

(mo:  a: a 

m 

3 

j  c:  aoa  :  a 

[i-ij 

t/. 

[7/10  :  coa  :  a 

[m-i 

4. 

00  c  :  na  :  a 

[yn 

5. 

coc:  a:  a 

W] 

6. 

Qoc  iQoa:  a 

^-^J 

IL— TETRAGONAL    SYSTEM. 

In  the  Tetbagonal  System,  there  are  three  rectangular  axes  ;  but  while 
the  two  lateral  axes  are  equal,  the  remaining  vertical  axis  is  either  longer  or 
shorter  than  they  are ;  there  are  consequently  to  be  considered  the  lateral 
axes  (a)  and  the  vertical  axis  (c). 

The  general  geometrical  expression  for  the  planes  of  crystals  becomes  for 
this  system  mc :  na  :  a,  and,  if  this  be  developed  in  the  same  way  as  the  cor- 
responding expression  in  the  Isometric  system,  all  the  forms*  geometrically 
possible  are  derived. 

whenm>l,  n>l, 
when  m=:l,  /i=l. 
when  9n^l,  7i=l. 
when  ?Ai=l,  n=oo . 
when  m^l,  n=oo . 
when  w2=oo ,  n  >1. 
when  m=zoo ,  n=l. 
when  m==oo ,  n=oo . 
/^     j  (c  :  00  a  :  00  a)  [0]     when  m=0,  n=l. 
[orOcia:  a, 

tn  letterizig  the  planes  the  abridged  sjmboU  aie  used;  here,  as  before,  i=ao ,  and  the  unit 
iena  is  omitted  as  imnecessaiy,  me  :  coa:  a=m-i^  etc  These  are  the  same  as  the  symbols 
of  Naumann,  except  that  he  wrote  oo ,  and  added  P  as  the  sign  of  the  systems  which  are  not 
isometric;  0P=O;  coPco  =i'i]  co P=I;  co Pn-^un;  mPbo  =t»-»  ;  mP=m  ;  P—l\  and 
mPn=m-n, 

A.  Sblohedral  Forms. 

Basid  plane, — There  are  two  similar  planes  corresponding  to  the  sym- 
bol  c  :  00  a  :  00  <x  (or  Oc  :  a  :  a),  parallel  to  both  the  lateral  axes ;  each  is 
called  the  basal  plane.  They  do  not  inclose  a  space,  and  consequently  they 
can  occur  onlv  in  combination  with  other  planes. 

Primhs, — ^The  planes  having  the  symbol  oo  (? :  oo  a  :  a  are  parallel  to  the 
vertical  and  one  of  tho  lateral  axes.  There  are  four  snch  planes,  one  at 
each  extremity  of  the  two  lateral  axes,  and,  in  combination  with  the  plane 
O^  they  form  the  square  prism,  which  has  been  called  the  diametral  prism, 
Boen  in  f.  106. 

For  the  symbol  oo  (? :  a  :  a,  the  planes  are  parallel  to  the  vertical  axis, 

■ 

*  The  word  form  has  been  freely  used  in  the  preceding  pages ;  from  this  point  on,  how* 
ever,  it  needs  to  be  more  exactly  defined.  In  a  ciystallographic  sense  it  includes  all  thf 
planet  geometrically  possible,  never  less  than  two,  whioh  have  the  same  general  symboL 
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aiid  meet  the  others  at  eaual  distances.  There  are.  as  in  the  precedaig 
case,  four  ench  planes.  Tliey  form,  in  combination  with  the  plane  O, 
tliat  square  prism  wliich  is  seen  in  f.  107,  and  may  be  called  the  unii 
prisin.  Both  the  prisnis  i-i  and  /  are  alike  in  tlieii'  degree  of  syinniotry. 
Each  hae  four  similai- vertical  edges,  and  ei^ht  similar  basal  edges  uulikn 
ilie  vertical.     There  are  also  in  each  case  eight  similar  solid  angles. 


Tlie  formi-n  (ooc  :  na:  a)  is  another  prism,  bnt  in  this  each  plane  meets 
one  of  tlie  lateral  axes  at  the  unit  distance,  and  the  otliei'  at  some  multiple 
of  its  unit  distance.  As  is  evident  in  the  accompanying  horizontal  section 
(f.  113),  tliis  general  symbol  requires  eigJtt  similar  planes,  two  in  each 
quadrant,  and  the  complete  form  is  shown  in  f.  100.  The  sixteen  basal 
edges  are  all  similar ;  the  vertical  edges  are  of  two  kinds,  four  axial  ^,  and 
four  diagonal  Y  (f,  109).  The  regular  octagonal  prism  with  eight  similsi 
vertical  edges,  each  angle  being  135°,  is  crystallographieally  impossible. 

Ill  112 


w 


The  planes  1  truncate  the  edges  of  the  diametral  prism  i-i,  as  in  f.  108. 
Similarly  the  planes  i-i  truncate  the  vertical  edges  of  1.  The  prism  i-n  be- 
vels the  edges  of  i-i,  as  in  f.  110,  where  i-ra=»-2. 

The  relation  of  the  two  sqnare  prisms,  iri  and  /,  may  be  further  illus- 
trated by  the  iigs.  Ill  and  112.  In  f.  112  the  sections  oi  the  two  prisms 
are  shown  with  the  dotted  lines  for  the  axes,  and  in  f.  Ill  there  are  the 
two  forms  complete,  the  one  {/)  within  the  other  {i-t\  The  unit  prism  /  is 
sometimes  called  the  prism  of  the  first  aeries,  and  tne  prism  iri  tliat  of  the 
second  aeriea. 

Ootahedrona  or  Pyramids. — The  forms  m4  and  m  both  give  rise  to 
•qoare  octahedrons,  corresponding  to  the  two  kinds  of  square  prisms.  In 
fth-i  the  planes  are  parallel  to  one  lateral  axis  and  meet  the  vertical  oxie 
at  variable  distances,  multiples  (denoted  by  m)  of  the  unit  length.  The 
total  number  of  such  planes,  for  a  given  value  of  m,  ia  obviously  eight,  and 
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the  form  is  shown  in  f.  114  and  115.    These  planes  replace  the  basal 
edges  of  the  form  shown  in  f.  106,  and  m  varies  in  value  from  0  to  oo 
When  771=0  the  four  planes  above  and  below  coincide  with  tlie  two  basal 


115 


117 


plajies;  as  m  increases,  there  arises  a  series,  or  zone,  of  planes,  with  mu 
tually  parallel  intei-sections(f.  116) ;  and  when  m=oo ,  the  octahedral  planea 
mri  coincide  with  the  planes  i-i.     The  value  of  m  in  a  particular  species 
depends  upon  the  unit  value  assumed  for  the  vertical  axis  o. 

The  same  form  replaces  the  vertical  angles  of  the  prism  7,  as  in  f.  117. 


119 


121 


The  octahedrons  of  the  m  series  meet  both  of  the  lateral  axes  at  equal 
distances  and  the  vei-tical  axis  at  variable  distances.  It  is  clear  that  the 
whole  ij  umber  of  planes  for  this  form,  when  the  value  of  mis  given,  is  also 
eight,  one  in  each  octant.  When  m=zl  the  solid  in  f.  118  is  obtained, 
which  is  sometimes  called  the  u.nit  octahedron.  As  m  decreases,  the  octahe- 
drons become  more  and  more  obtuse,  till  m=0,  when  the  eight  planes  coin- 
cide with  the  two  basal  planes.  As  m  increases  from  unity,  on  the  other 
hand,  the  octaliedrons  or  pyramids  become  more  and  more  acute,  and  when 
m^<x>  they  coincide  with  the  prism  /;  this  series  forms  another  zone  of 
planes.  These  octahedrons  replace  the  basal  edges  in  the  form  f.  107,  as 
seen  in  f.  119,  and  as  the  octahedron  is  more  and  more  developed  it  passes 
to  f.  120,  and  finally  to  f .  118. 


122 


128 


124 


The  same  form  replaces  the  solid  angles  of  the  form  f.  106,  as  seen  id 
f.  121,  and  this  too  gradually  passes  into  f .  122  and  f.  114. 


28 


OSYSTALLOGBAFHT. 


The  relation  of  the  octahedrons  1  and  l-i  {m  and  m-i)  is  the  same  as  that 
of  the  prisms  /  and  i-i  (compare  f.  112).  Similarly,  too,  thev  are  often 
called  octahedrons  (or  pyramids)  of  the  nrst  {m)  and  second  (m-i)  series. 

As  will  be  seen  in  f.  123,  l-i  truncates  the  pyramidal  edges  of  the  octahe- 
Ji  Dii  1,  and,  conversely,  the  edges  of  the  octahedron  2-i  are  truncated  by 
tho  octahedron  1  (f.  124). 

Octagonal  pyramids. — The  form  in-n  {mo : 
na  :  a)  in  this  system  has,  as  in  the  preceding  sys- 
U^m,  tnc  highest  number  of  similar  planes  which 
are  geometrically  possible  ;  in  this  case  the  num- 
ber is  obviously  sixteen,  two  in  each  of  the  eight 
sectants,  as  in  f.  126,  where  ?72=1,  n=2.  These 
sixteen  similar  planes  together  form  the  octagonal 
pyramid  (strictly  double  pyramid)  or  zirconoid, 
t.  126.  It  has  two  kinds  of  terminal  edges,  the 
axial  X  and  the  diagonal  Y ;  the  basal  edges  are 
all  similar.  It  is  seen  (m-n=l-2)  in  f.  127  in 
combination  with  the  diametral  prism,  and  in  f.  128  with  1,  where  it  beveli 
the  vertical  edges. 
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Otlier  tetragonal  forms  are  illustrated  in 
figures  2  to  8,  of  zircon  crystals,  on  p.  2; 
f.  8  is  the  most  complex,  and  besides  3-3 
shows  also  the  related  zirconoids  4-4  and  5-5. 

Several  series  of  forms  occur  in  f .  129,  of 
vesuvianite.  In  the  unit  series  of  planes 
there  are  the  octahedrons  (or  pyramids)  1,  2, 
3,  and  the  prism  /;  in  tlie  diametral  series 
l-i,  i-i  ;  of  octagonal  prisms,  i-2,  t-3 ;  of  zir- 
jonoids  2-2,  3-3,  5-5,  4-2,  f-3,  the  whole  num- 
oer  of  planes  being  154. 


129 


B.  Hemihedral  Form^. 

Among  hemihedral  forms  there  are  two  divisions,  as  in  the  isometric 

system : 

1.  ITemiholohedraly  having  the  full  number  of  planes  in  half  the  sectants 
(a)  VerticaUy-altemate,  or  sphenoidal  forms.— The  planes  occur  in  two 
sectants  situated  in  a  diagonal  line  at  one  extremity,  and  two  in  the  trans- 
verse diagonal  at  the  othen 
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With  octahedral  planes  i{mo :  a:a)  the  solid  is  a  tetrahedron  (f.  130, 
131)  called  a  sphenoidj  haying  the  same  relation  to  the  square  prism  of 
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132 


134 


f.  106  that  the  regular  tetrahedron  has  to  the  cube.  Fig.  130  is  ihBpoaitim 
sphenoid  or  -f  1,  and  131  the  negativey  or  —1.  The  form  ^{mc  :  <x>a:  a) 
is  similar.  Fig.  132  represents  the  sphenoid  in  combination  with  the  prism 
i-i. 

If  tlie  planes  of  each  sectant  are  the  two  of  the  octagonal  pyramid 
^{mc  :na:  a)  (f.  126),  the  form  is  a  diploid  (f.  133).  It  is  in  combination 
with  the  octahedron  1-i  in  f .  134. 

(J)  Vertically-direct,  or  the  planes  occuring  in  two  o))po6ite  sectants 
above,  and  in  two  on  the  same  diagonal  below.  The  result  is  a  horizontal 
jjrism,  or  forms  resembling  those  of  the  orthorhombic  system.  Character- 
izes crystals  of  edingtonite. 

(c)  VerticaUy-ohhque.  Planes  occurring  in  two  adjacent  octants  above, 
and  in  two  diagonally  opposite  below,  producing  monoclinic  forms,  as  in  a 
hydrous  ammonium  sulphate. 

2.  Ilolohemihedral,  all  the  sectants  having  half  the  full  number  of  planes. 
As  the  largest  number  of  planes  of  a  kind  is  two,  half  the  full  number  is 
in  all  cases  one.  Hemihedrism  may  occur  in  the  forms  m-n  (f.  126, 127), 
or  zirconoids,  and  in  the  forms  i-n  (f.  109),  or  the  octagonal  prism. 

The  following  are  the  kinds  : 

{a)  VerticaUy-direct,  The  occurring  plane  of  the  sectants,  the  right 
one  in  the  upper  series,  and  that  in  the  same  vertical  zone  below,  as  indi- 
cated by  the  shading  in  f.  135  ;  or  else  the  left  one  above,  and  that  in  the 
Bame  vertical  zone  below,  f.  136. 
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(J)  VerticaUy-alternate,  The  occurring  plane  the  right  above,  and  that 
in  the  alternate  zone  below,  as  indicated  in  f.  137 ;  or  else  the  Uft  above, 
and  that  in  the  alternate  zone  below,  f.  138. 

As  the  right  of  the  two  planes  above  is  in  the  same  vertical  zone  with  the 
leji  of  the  two  below  (supposing  the  lower  end  made  the  upper),  the  two 
kinds  of  the  firet  division  will  be  the  rl  m-n  ;  and  the  Ir  m-n  (in  f .  136  on 
the  angles  of  the  prism  i-i)  ;  and  the  two  of  the  second  division  the  ?t  m-Ji 
and  the  U  mrn  (in  f .  138,  on  the  angles  of  the  prism  ir4). 


so 
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The  completed  form  for  the  first  methods  has  parallel  faces,  and  is  like  die 
ordinary  square  octahedron  in  shape,  because  the  upper  and  lower  planes 
belong  to  the  same  vertical  zone.  But  in  the  second  it  is  gyroidai ;  the 
upper  pyramid  has  its  faces  in  the  same  vertical  line  with  an  edge  of  the 
lower,  as  i-epresented  in  f.  139,  the  foinm  U  m-n. 

The  first  of  these  methods  occura  in  octagonal  prisms,  produchig  a  square 
prism,  either  r  i-n^  or  I  i-n. 


140 


141 
JL 


Wemerite. 


Scheelite. 


Wnlfenite. 


Fig.  140  represents  a  com- 
bination of  the  octahedron  1-i 
with  the  unit-octahedron  1,  and 
two  hemihedral  forms,  one  of 
them  Ir  1-2,  the  other  rl  8-3. 
The  plane  1  shows  the  posi- 
tion of  the  octant  ;  3-3  is  to 
the  right  of  1,  and  1-2  to  the 
le^t.     In  f.  141,  which  is  a  top 
view  of  a  crj^stal  of  wemerite, 
there  occurs  ^3-3  large,  along 
with   r  3-3    small,  indicating 
hemihedrism,      and,    judging 
from  that  of  the  allied  species 
sarcolite,  it  is  of  the  square  oc- 
tahedral kind,  rl  3  3  and  Ir  3-3. 
Fig.  142  contains  the  hemihedral  prism  I  i-^,  com- 
bined with  the  unit-octahedron   1,  and   the   basal 
plane  O. 

Variable  elements  in  this  system, — In  the  tetragonal  system  two  ele- 
ments are  variable,  and  in  any  given  case  must  be  decided  before  the  rela- 
tions of  the  forms  can  be  definitely  expressed. 

{d)  The  positi^on  of  the  lateral  axes, — These  axes  are  equal,  but  there  arc 
two  possible  positions  for  them,  for  in  a  given  square  octahedron  they  may 
be  cither  diagonal  or  diametral;  in  other  words,  given  an  octahedron,  as  in 
f.  115, 116,  the  prismatic  planes  may  be  made  diametral  (i-i),  and  the  octahe- 
dron so  belong  to  the  m-i  series,  or  the  prismatic  planes  may  be  made  diag- 
onal, that  is  /  (qo  c  :  d^ :  a),  when  the  corresponding  octahedrons  belong 
to  the  m  series.     The  ratio  of  the  lateral  axes  for  the  two  cases  is  obviously 

l:/2,  or  1:1.4142  +  . 

(b)  The  length  of  tJie  vertical  axis. — Among  the  several  occurring  octa- 
hedrons, one  must  be  assumed  as  the  unit,  and  the  others  referred  to  it.     In 
f .  143,  of  zircon,  the  octahedron  1  is  made  the  unit,  and  by  measur- 
ing the  basal  angle  it  is  found  mathematically,  as  explained  later, 
that  the  length  of  the  vertical  axis  is  0.85  times  that  of  the  lateral 
axes.     The  octahedron  3  has  then  the  symbol  3c  :  a  :  a  as  referred 
to  this  unit.     If  the  latter  octahedron  had  been  taken  as  the  fun- 
damental form,  the  length  of  the  vertical  axis  would  have  been  ^ 
S  X  0.85  times  that  of  the  lateral  axes,  and  the  symbol  of  the  tii-st    ^^^ 
plane  would  have  been  \c:  a:  a.    Which  form  is  to  be  taken  as 
the  unit  or  fundamental,  that  is,  what  length  of  the  vertical  axis  c  is  to  1)6 
adopted,  depends  upon  various  considerations.      In  general  that  Eoiin  la 
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aaeumed  as  fundamental  which  is  of  most  common  occurrence  or  to  which 
the  cleavage  is  parallel ;  or  which  best  shows  the  morphological  relations 
of  the  ^iveu  species  to  othei*s  related  to  it  in  chemical  composition,  or  which 
gives  the  simplest  symbols  for  the  occurring  forms  of  a  species. 

Prominent  characteristics  of  ordinary  tetragonal  forms, — The  promi- 
nent distinguishing  characteristics  of  tetragonal  forms  are  :  (1)  A  symme- 
trical ari-augement  of  the  planes  in  fours  or  eights.  (2)  The  frequent  oc- 
currence of  a  square  prism  diagonal  to  a  square  prism,  the  one  making  with 
the  other  an  angle  of  185°.  (3)  The  occurrence  of  bevelling  planes  on  the 
lateral  edges  of  tht  .square  prism.  (4)  A  i*esemblancc  of  tne  octahedrons 
to  the  regular  octahedron,  in  having  a  square  base,  but  a  dissimilarity  in 
that  the  angles  over  the  basal  edges  do  not  equal  those  over  the  terminal.  (5) 
Cleavage  may  be  either  basal^  square-jprismatiCy  or  octaJied/ral  /  prismatic 
cleavage,  when  existing,  is  alike  in  two  directions,  parallel  to  the  lateral 
faces  of  one  of  the  square  piisms,  and  is  always  dissimilar  to  the  basal  cleav- 
age ;  the  basal,  or  the  lateral,  is  sometimes  indistinct  or  wanting ;  the  pris- 
matic may  occur  parallel  to  the  lateral  planes  of  both  square  prisms,  but 
when  so,  that  of  one  will  be  always  unlike  in  facility  that  of  the  other. 

Pla/nes  of  symmetry. — There  are  five  planes  ot  symmetry  in  the  tetra- 
gonal system :  one  principal  plane  of  symmetry  normal  to  the  vertical  axis, 
and  four  othera,  intersecting  in  this  axis  ;  these  four  are  in  two  pairs,  the 
planes  of  each  pair  normal  (90°)  to  each  other,  and  diagonal  (45°)  to  those 
of  the  other. 


III.— HEXAGONAL  SYSTEM. 

The  Hexagonal  System  includes  two  ^rand  divisions :  1.  Tlie  Hexa- 
gonal proper,  in  which  (1)  symmetry  is  by  sixes^  and  multiples  of  six ; 
(2)  hemihedral  forms  are  of  the  kind  called  vertically-direct ;  and  (3) 
cleavage  and  all  physical  characters  have  direct  relations  to  the  holohedral 
hexa^nal  form. 

2.  xhe  Rhombohedral,  in  which  (1)  symmetry  is  by  threes  and  multi- 
ples of  three,  rhombohedral  forms  being  he/mihedral  in  mathematical  rela- 
tion to  the  hexagonal  system,  and  of  the  kind  called  vertically-alternate  ; 
(2)  cleavage,  and  many  other  physical  characters,  usually  partake  of  the 
liemihedrism. 

While  the  rhombohedron  is  mathematically  a  hemihedral  form  under 
the  hexagonal  system,  and  is  propei'ly  so  treated  in  a  system  of  mathema- 
tical crystallography,  it  is  not  so  genetically,  or  in  its  fundamental  relations. 
Moreover,  it  has  its  own  hemihedral  forms,  which,  under  the  broad  hexago- 
nal system,  are  tetartohedral. 

The  fu)lohedral  forms,  all  of  which  belong  to  the  Hexagonal  division, 
are  here  fir-st  described ;  and  then  the  hemihedral  forms,  which  include,  be- 
sides a  few  under  the  hexagonal  division,  the  whole  of  the  Rhombohedral 
division. 

A.  Holohedral  Forms  :  Hexagonal  Division. 

The  general  expression  for  planes  of  this  system  \^mc\na\  a  ijpa,  where 
there  are  to  be  considei*ed  the  vertical  axis,  c,  and  three  equal  lateral  axes,  a. 
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It  IB  evideut,  however,  that  the  position  of  any  plane  is  deterr/iiued  bv  it* 
intGrae<;tionB  with  two  o£  the  lateral  axes,  as  its  direction  with  the  tliird 
follows  directly  from  them.  {Compare  f.  146.)  Consequently,  in  writing 
the  symbol  of  any  plane  it  is  necessary  to  take  into  consideration  only 
tlie  vertical  axis,  and  two  of  the  lateral  axes  adjacent  to  each  other. 

Tlie  varions  holobedral  foriiiB  possible  in  this  system  are  derived  after 
the  analogy  of  those  of  the  tetragonal  system.  The  pai-ametere  for  aU  the 
lateral  axes  are  given  below  for  sake  of  coTiiparison.  It  is  to  be  noted  here 
tliat  m  may  be  either  <  1,  or  >  1 ;  n  is  always  >  1  and  <  2,  while  ^  >  2 

uid<qo;  further  than  this  it  is  always  true  tliat  p= :;■ 

"  -^     n—1 

Tnc:na:a:  {pa)  [m-n]  when  m  ^  1,    «.  >  1  and  <  2. 

mc :  2a : « :  (2(i)  [Hi-2J  when  m  ^1,    n  =  2. 

(  mo:  a:  a:  (so «)  [?«]  when  m  ^1,    n=  1. 

\c:a:a:  (ooa)  [1 J  when  m  =  l,    n  =  l. 

<xic:na:a:  {jm)  [i-ji]  when  tn  =■  <x> ,  n>  1  and  <  2. 

00  e :  2(( ; « :  (2«)  [/'-2]  when  )»  =  oo ,  n  =  2. 

tx>fs:a:a:  (co o)        [/]  when  ?«  =  co ,  n  =  1. 

do -.a -.a -.(a)  [6»]  when  in  =  0,    n  =  1. 

D  ezplanatioii  beyond  Uiat  whioli  hu  been  givea  od  p.  SS  i 


£asal  plunes. — Tbc  fonn  O=0c 
hove  ana  below,  pai-allel  to  the  plai 


a  :  a  includes   the   two  basal  planet 
)  of  the  lateral  axes. 


f'i 

i^ 

k 

^ 

Prisms. — The  form  I=^c :  a:  a  comprises  the  eix  ]>lanes  parallel  to 
the  vertical  axis,  and  meeliup;  the  two  adjoininf:;  lateral  axes  at  equal  dis- 
tances. These  six  planes  with  the  basal  plane  form  the  hexagonal  unit 
prism,  f.  144.  The  form  t-2=aDc:2a:a  includes  the  six  planes  which 
are  parallel  to  the  vertical  axis  but  meet  one  of  the  lateral  axes  at  the  unit 
distance,  and  the  other  two  at  double  that  distance.  These  plai.M  with  the 
basal  piano  form  the  diametral  prism,  f.  145.  The  relations  ot  the  two 
priBins  /  and  i-2  are  shown  m  f.  146.  In  f.  147,  it  will  be  seen  that  the  one 
prism  truncates  the  vertical  edges  of  the  other.  The  faces  of  the  i-S 
make  an  angle  of  150°  with  the  faces  of  /.  These  two  prisma  have  an  iTiti- 
mate  connection  with  each  other,  and  together  form  a  regular  twelve-sided 
}>ri8ra, — a  prism  which  iscrystalloerapbically  impossible  except  as  tbe  reaull 
of  tbe  combination  of  these  two  different  forms. 
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The  form  i-2  is  a  special  case  of  the  general  form  i-n  or  coc  :  na  :  a. 
When  n  is  some  number  less  than  2,  and  greater  than  1,  there  must  be  two 
planes  answering  the  given  conditions  in  each  sectant,  and  twelve  in  all 
Together  tliey  form  the  dihexa^onal,  or  twelve-sided,  prism.  This  prism 
bevels  the  edges  of  the  prism  7,  and  the  vertical  edges  are  of  two  kinds, 
axial  and  diagonal.  The  values  of  ii  jnust  lie  between  1  and  2  ;  some  of 
the  occurring  f(»rms  are  i-f,  i-|^,  etc. 

Hexagonal  pyramids^  ot*  Qmirtzoids. — The  symbol  l=c  :  a:  a  belongs 
to  the  twelve  planes  of  the  unit  pyramid,  f.  148,  while  the  general  form 
m=mG  :  a  :  a  includes  all  the  pyramids  in  this  series  where  the  length  of 
the  vertical  axis  is  souie  multiple  of  the  assumed  unit  length.  As  in  the 
tetragonal  system,  when  in  diminishes,  the  pyramids  become  more  and 
more  obtuse,  and  the  form  passes  into  the  basal  plane  when  m  is  zero ; 
while  as  m.  increases,  the  pyramids  become  more  and  more  acute,  and  iSnally 
coincide  with  the  prism  /  These  pyramids  consequently  replace  the  basal 
edges  between  O  and  7,  f .  149,  and  with  them  form  a  vertical  zone  of  planes. 

The  pyramids  of  the  m-2  series  have  the  same  relation  to  those  of  them 
series,  just  described,  that  the  prism  i-2  has  to  the  prism  T.  They  replace 
tlie  basal  edges  between  i-2  and  O  (f.  145),  and  as  the  value  of  7n  varies, 
give  rise  to  a  series  or  207ie  of  planes  between  these  limits. 

The  pyramids  of  both  the  firet  (7/1)  and  the  second  (m-2)  series  are  well 
shown  iu  f.  150,  of  apatite.  In  the  first  series  there  are  the  pyramids  J,  1, 
and  2  ;  and  in  the  second  series  the  pyramids  1-2,  2-2,  and  4-2.     The  cor 
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responding  prisms  /and  t-2  are  also  shown,  and  the  zones  between  each  of 
them  and  the  basal  plane  O  are  to  be  noticed.  Attention  may  also  be 
called  to  the  fact,  exemplified  here,  that  the  pyramid  2-2  truncates  the  ver- 
tical edges  of  the  pyramid  2  ;  also  1-2  truncates  the  vertical  edges  of  1 ; 
while  the  latter  form  (1)  also  truncates  the  veitical  edges  of  4-2,  as  is  seen 
in  f .  147. 

Dihexagonal  pyramids^  or  Berylloida. — The  general  form  mc\na\a 

fives  the  largest  number  of  similar  planes  possible  in  this  system,  which  is 
ere  obviously  twenty-four,  that  is,  two  in  each  of  the  twelve  sectanta. 
These  pyramids  correspond  to  the  prisms  of  the  i-n  series,  and  form  the 
dihexagonal  pyramids,  or  berylloids,  as  in  f.  151. 

The  berylloid  has  three  kinds  of  edges :  the  axial  edges  X(f.  151, 152). 
connecting  the  apex  with  the  extremity  of  one  of  the  axes ;  the  diagonal 
edges  Yy  and  the  basal  edges  Z 
3 
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In  the  upper  pyramid,  one  of  these  two  planee  for  eauh  sectant  may  b< 
dietingiiiBhed  as  tttc  right,  and  the  other  the  Uft,  as  lettered  in  f.  152 ;  and 
the  same,  after  inverting  the  crystal,  for  those  of  t!\e  other  pyramid.  It  is  to 
lie  observed  that  in  a  given  position  of  the  form,  aa  that  of  f.  151,  the  right 


of  the  upper  pyramid  will  he  over  the  Isft  of  the  lower  pyramid,  and  the 
reverse.  Fig.  153  representa  the  planes  of  such  ft  form  m-n  combined  with 
the  unit  prism  /,  and  the  planes  are  lettered  I,  r,  in  accordance  with  the 
above.  In  f.  154,  of  a  crystal  of  berjl,  the  prism  /  is  coniliined  witii  the 
pyramids  1,  2,  3-2,, and  the  berylloid  3|. 


B.  Bemikedral  Forma. 

L  Tkrtioaixt  Dibect. — The  pianos  of  the  n])per  range  of  sectanta  being 
ID  the  same  vertical  zone  severaHy  with  those  below. 

{A).  Hemiholohedral. — Half  the  eectants  having  the  full  number  of 
planes ; 

1.  Trigorud  pyramids. — The  diametral  pyramid  m-2  is  some-        166 
times  thus  hernihedi-al,  as  in  the  annexed  figure  (f,  155)  of  a  crys-        _. 
tal  of  quartz,  in  which  there  are  only  three  planes,  2-2  at  each  -^"WP 
nztremity,  and  each  of  those  above  is  in  the  same  zone  with  one  Lj  i  JM 
below.     The  completed  form  would  be  an  equilateral  and  symme-  !tfj~W 
trical  double  three-sided  pyramid.  ^\"'  [/ 

2.  2'Tigonal  priams.—'Ihsi  occurrence  of  three  out  of  the  six 

planes  of  tlie  prism  /,or  i-2,  produces  a  three-sided  prism.  The  prism  J 
IB  thus  hemihedral  in  tourmaline  (f.  156,  a  top  view  of  a  crystal),  and  the 
prism  t-2  in  quartz.  Both  these  forms  pniperly  belong  to  tlie  lihomtK>- 
nedral  division. 

3.  Ditrigonal prisms. — An  hexagonal  prism  hemihedral  to  the  dihex ago- 
nal prism  occurs  in  quartz  and  tourmaline,  the  hexagonal  prism  sometimes 
having  only  the  alternate  vertical  edges  bevelled,  as  in  f.  185,  and  f.  186, 
p.  40. 

(j5).  Bolohemihedral. — All  the  sectants  having  half  the  full  nnmber  of 
p.ane8: 

1.  ffemi-dih^xagonal  pyramids. — Each  sectant  has  one  out  of  the  two 
planes   of    the  diliexagonal  pyramid  (f.  151, 153) ;    this  is  indicated  by 
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the  shading  in  f.  157.     The  occurring  plane  may  be  the  right  alwve  and 
left   below,  or  left    above   and  right  below,   and  the  form  accordingly 


either  rl  m-n,  or  Ir  m-n.  Examples  of  the  first  of  these  occnr  in  £.  ISS, 
representing  a  crystal  <if  apatite,  the  planes  o(3-j),  and  f'(4-J)  being  of 
tins  kind.  This  method  of  hemiliedrism  ocenra  only  in  fwms  that  are 
true  hexagonal ;  it  is  often  cbWbA  ^ramidal  hemihfdriam. 

n,  "VKKTrcALLY  ALTKKNATB,  tlie  planes  of  tlie  npper  range  of  sectants 
being  in  aoiies  alternate  with  those  below. 

(X)  ITemiJiolohedral  forms,  or  those  in  which  half  the  eectants  have  the 
full  number  of  planes  as  in  the 

Giro!iiBonEDRAL  Division. 

1,  RhomhohedTons^and  their  relation  to  Hexagonal  forms. — Tlie  rhom- 
bohedron  is  derivable  from  the  hexaconal  pyramid  by  a  suppression  of  tlie 
alternate  planes  and  the  extension  of  the  others.  In  f,  159,  if  the  shaded 
planes  in  front  and  the  opposite  ones  behind  are  snppressed,  while  the  otliers 
are  extended,  a  rhoniboliedron  will  be  derived.  This  is  further  shown 
in  f.  160,  where  the  hexagonal  pyramid  is  represented  within  the  rhom- 
boliedron.  Another  similar  rhomhohedron,  complementaiy  to  this,  wontd 
reenlt  from  the  suppression  of  the  other  alternate  halt  of  the  planes.  One 
of  these  rhoniboheamns  is  called  viinus,  and  the  otlier  pliis  {f.  161, 162). 
The  form  in  f.  14S  is  made  up,  under  tlie  rhombohedrw  system,  of  +R 
and  —72  (or  +1  and  —1)  combined,  as  in  the  annexed  figure  (f.  163),  of  a 
rrystal  of  quartz. 


Fig.  164  shows  the  combination  of  the  rhomhohedron  with  the  jirism  /; 
■u  f.  1C5  the  former  is  more  developed,  and  it  finally  passes  into  tlie  ooto 
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plete  rhombohedron,  f,  161,    In  f.  166  the  rhombohedral  planes  occur  on 
the  alternate  angles  of-  the  diagonal  prism  t-2. 

Tlie  symbol  of  the  unit  rhombohedron  as  referred  to  the  hexagonal  sys- 
tem is  i{c:  a:  a),  a  second  rhombohedron  may  be  i{2o  :a:  a)  and  so  on ; 
it  is,  however,  more  simple  to  write  only  +  jff  or  — -ff,  and  +2-ff  or  — 2-ff,  and 
so  on  ;  or,  where  there  is  no  confusion  with  the  symbols  of  hexagonal  forms, 
ae  -f  I5  —1,  and  +771,  — m. 
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This  hemihedrism  resulting  in  the  rhombohedron  is  analogous,  in  the 
alternate  positions  of  the  planes  above  and  below,  to  tliat  producing  the 
tetrahedron  in  the  isometric  system.  But  owing  to  the  fact  tliat  there  are 
three  lateral  axes  instead  of  two,  the  rhombohedron  lias  its  opposite  faces 
parallel,  unlike  the  tetrahedron. 

In  f .  167  the  planes  H  belong  to 
the  rhombohedron  +1;  f  to  the 
rhombohedron  H-f ,  having  the  verti- 
tical  axis  f  c ;  (?  is  the  basal  plane, 
or  mathematically  the  rhombohe- 
dron 0,  the  vertical  axis  being 
Oc.  I  is  the  hexagonal  prism 
00  :  1  :  1,  or  more  properly  a  rhom- 
bohedron with  an  infinite  axis,  00  c. 
On  the  opposite  side  of  I  the  planes 
are  rhombohedral,  but  belong  to  the 
Cfamabar.  \/         ^      mimis  series ;  — }  has  the  vertical 

Caldte.  axis|6*;  — 4,  4r(?;  —2,  2cj ;  — f,  fc*, 

tliis  last  being  complementary  to 
-f  f ,  and  the  same  identical  form,  except  that  all  the  parts 
are  reversed.  Fig.  168,  A-E  represent  different  rhombo- 
hedrons  of  the  species  calcite:  A,  the  rhombohedron  1; 
By  — i;  Gy  —2  ;  i?,  —J;  E,  4  ;  having  respectively  for 
the  vertical  axis,  Ic,  Jc,  2(J,  |c,  4o,  with  <?= 0.8643,  the  lat- 
eral axes  being  made  equal  to  unity.  In  f.  169  the 
rhombohedron  2  (or  2i?)  is  combined  with  —  1  (or  —  /?), 
the  latter  truncating  the  terminal  edges  of  the  former. 

In  relation  to  the  series  of  -f  and  —  rhombohedrons  it 

is  important  to  note  that,  since  the  position  of  —^li  is  that 

of  the  vertical  edge  of  +/i*,  in  combination   with  it,  it  truncate&  tLesc 

edges.    Similarly  -\-\R  truncates  the  same  edges  of  —^B^  and  so  on. 
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AIbo +^trnncate8  the  edges  of -3i?,  and  —R  the  edges  of  +2/^(f.  169), 
-~2Ii  tnincateB  the  edges  of  +47?,  and  so  on. 

2.  ScaUnokedrons  ;  ji»-mK  hemikedral  to  the  dihexagonal piframid. — At 
the  rhorabohedroa  is  a  bemihedral  hexa^mal  pyramid  or  quartzoid,  bo  a 
sc-alenohedroD  is  a  hemihedral  diiiexa<^onal  pyrainid  or  berylloid.  The 
method  of  hemihedrisra  ie  similar  by  the  suppression  of  the  places  ot  the 
aiteniate  seetaiits,  as  indicated  by  the  sliading  in  f,  170  (analogous  to  f.  169) 
aud  the  eztensiou   of   those  of  the   otlier  sectants.     A  scalenohodron  is 
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represented  in  f.  171,  a  hexagonal  double  pyramid  with  a  zig-zag  basal  oat- 
line,  and  three  kinds  of  edges ;  the  sliorter  terminal  edge  X,  the  longer 
terminal  edge  Y,  and  the  basal  edge  Z\  the  lateral  axes  terminate  in  the 
middle  of  the  edges  Z.  There  are  plus  and  tninue  scalenohedrons,  as 
there  are  plus  ana  minus  rhombohedtxiDS,  and  they  bear  the  same  rela- 
tion to  eacli  other. 

The  relatione  of  the  form  to  replacements  of  the  rhom-  IW 
bohedron  are  illustrated  in  the  other  Jigures.  Fig,  172  repre- 
sents ft  rhombohedi'on  (+lor  Ji)  with  irs  basal  edges  bevel- 
led ;  and  this  bevehnent,  continued  to  the  oblitei'atiun  of  the 
ilanes  Ji,  produces  the  scalenohednm  shown  by  the  dotted 
ines.  The  scalenohedron  iu  f,  171, 172  lias  the  vertical  axis 
equal  to  8o,  or  three  times  as  long  as  that  of  Ji,  the  lateral 
axes  of  both  being  equal ;  and  hciioe  it  is  that  the  planes  are 
lettered  1',  the  1  referring  to  the  rhombohedron  and  the 
index*  being  the  multiple  that  gives  the  value  of  the  vertical 
axis  of  the  scalenohedrou. 

In  f.  nS  there  are  two  scalenohedrons  of  the  same  aeries, 
viz.,  1',  1',  combined  with  the  rhornbohedrons  Ji  (or  +1)  and 
+  i.     Fig.  174  shows  the  scalenohedron  —  1'  combined  with 
the  rhombohedron  — i  (or  —4^) ;  and  175,  the  same  with  the  rhombohe- 
dron 5  (+5U). 

Other  eealenohedrons  replace  the  basal  angles  of  a  rhombohedroa  by 
two  similar  planes  (f.  176);  or  bevel  the  termmal  edges;  or  replace  th« 
terminid  Bolid  angles  by  six  planes,  two  to  each  terminal  edge,  or  to  eaoh 
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rbombohedral  face ;  a  id  they  will  be  relatively  +  or  — ,  according  to  their 
position  in  one  or  the  other  set  of  sectants,  as  has  been  ex|)lained.  Fig.  17V 
represents  the  top  view  of  a  crystal  of  tourmaline.     It  contains  the  rhomlx- 
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hedral  planes,  jB,f,  -y-,  — i,— f,  — f,  —2,  along  with  tliescalenohedrons  — i*, 
— i*,  — i*,  1|,  1',  and  also  two  othei-s  bevelling  the  terminal  edges  of  the 
rhombohedron  li. 

The  BoalenohedroDa  — i',  —i'*  —  i'«  bevel  the  basal  edges  of  the  rhombohedron  —  ^ ;  and 
oonseqnentlj  the  lengths  of  the  axes  are  respectively  2,  3,  5  times  that  of  the  rhombohedron 
i,  and  hence,  eqnal  I0,  f  0,  ^.  Every  scalenohedron  corresponds  to  a  bevelment  of  the 
basal  edges  of  some  rhombohedron — and  that  particular  one  whose  lateral  edges  are  parallel 
to  those  of  the  scalenohedron.  The  symbols  for  them  accordingly  are  made  up  of  the 
symbol  of  the  rhombohedron  and  an  index  which  expresses  the  relation  of  its  vertical  axis 
as  to  length  to  that  of  the  rhombohedron^  according  to  a  method  proposed  by  Naumann. 
(Seep.  72.) 

Hexagonal  pyramids  of  the  7/^2  or  diagonal  series  occur  in 
many   rliomboliedral  species ;   as  f.  178  of  corimdnm,  which 
contains  f  2(r),  4-2,  ^-2  (for  9-2  on  the  figure  read  «f-2,  Klein), 
along  with  the  rhombohedron  1,  and  the  basal  plane  O ;  also 
f.  167,  in  which  is  the  pyramid  2-2.     Hemihedral  forms  of  the 
same  pyramids  (of  the  Kind  described  on  p.  84)  are  met  with  in 
rhombohedral  species,  but  only  such  as  have  also  tetartohedral 
modifications.     Hemihedral  forms  of  the  hexagonal  and  dihex- 
Corundum,   ^^^^,^^1  prisms  (p.  84)  are  also  characteristic  of  some  rhombohedral 
species,  and  of  those  that  have  either  tetartohedral  or.heuiimorphic  modifi- 
cations. 

Fig.  179  iUnstrates  the  relative  positions  of  the  zones  of 
the  +  and  —  rhombohedrons,  and  diagonal  pyramids  m-2 
alternating  with  regions  of  -^  and  —  soUenohedrons  in  the 
scheme  of  the  rhombohedral  system.  The  figure  is  supposed 
to  be  a  top  view.  It  is  similar  to  f.  152,  p.  34,  and  like  that 
contains  the  upper  planes  of  the  dihexagonal  pyramid ;  but 
these  are  divided  between  a  plus  and  a  minus  scalenohedron, 
those  planes  marked  +  being  the  former,  and  the  others  (— )  the 
latter.  The  three  lateral  axes  are  lettered  each  bb.  The  poei- 
tion  of  the  +  mR  zone  of  planes  (or  plus  rhombohedrons)  relative 
to  the  scalenohedrons  is  shown  by  the  lettering  +Ii'y  of  the 
^mR  zones  (or  minus  rhombohedrons)  by  —  R.  The  position  of 
the  vertical  zone  of  m-2,  or  diametral  pyramidal  planes,  is 
indicated  by  the  letter  dL     The  order  of  succession,  beginning 

with  one  of  the  plus  interaxial  sectants  (the  one  in  the  medial  line  below)  and  noniberiiig  U 

I,  is  OS  follows : 
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1   (1)  Plus  Roalenohedrons,  or  planes  of  tiie  general  fonn  +«•". 
L  <    (2)  Zone  of  plus  rhombohedrons,  -\-ifiR. 

(    (8)  Plus  scalenohedrons,  or  planes  of  the  general  form  +m". 
(4)  Zone  of  diagonal  pyramids,  in-2. 

!(5^  \rina8  scalenohedrons,  or  planes  of  the  general  form  —m\ 
(6)  Zone  of  minus  rhombohedrons,  —mR, 
(7)  ^inus  scalonohedrond,  —  wi". 
(8)  Zone  of  diagonal  pyramids,  m-2. 
i    (9)  Plus  scalenohedrons,  -hW. 
III.  <  (10)  Zone  of  plus  rhombohedrons,  +mi2L 
( (U)  Plus  ecalenohedrons,  +m". 
(12)  Zone  of  diagonal  pyramids. 
And  BO  on  around,  as  the  figure  illustrates.    In  the  lower  pyramid  the  order  of  suocession  If 
the  same  ;  but  the  plus  planes  are  directly  below  the  minus  of  the  above  view  of  the  nppei 
pyramid. 

The  pf'ttA  scalenohedrons  have  the  pyramidal  edge  over  the  +mi?  section,  the  man 
obtuse  of  the  two  (or  edge  Y) ;  and  the  minus  scalenohedrons  have  that  edge  the  less  obtoM 
(or  edge  X),  and  that  over  the  —mB  section  the  more  obtuse  (or  edge  Y). 

B.  Ilolohemihedral  fonns^  or  those  in  which  all  the  sectaiits  have  half 
the  full  iininberof  planes  (as  shown  by  the  shading  in  f.  180). 

OyroidaZ^  or  trwpezohedral  forms. — Of  the  planes,  in  f.  181  there  would 
occur  only  those  lettered  r,  r,  above  and  below  ;  or  those  lettered  l^  ly  and, 
unlike  f.  157,  the  planes  above  and  below  are  not  in  the  same  zone.    The 
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form  is  consequently  gyroidal^  the  planes  being  inclined  around  the  prism, 
both  above  and  below,  and  in  the  same  direction  at  the  two  extremities. 
It  is  also  called  pldgihedral.  The  symbol  for  the  planes  is  rr  m-n^  or 
U  in-n^  according  as  the  occurring  planes  of  the  two  in  the  same  sector  are 
the  right  or  ihoLeft,    Fig.  182  is  an  example  of  U  6-f  in  the  species  quartz. 


C.  Tetartoliedral  Forms. 

These  forms  are  hemihedral  to  the  Rhomboliedron. 

(A)  HolomorphiGformSy  like  the  preceding  hemihedral,  the  planes  occur- 
ring equally  in  the  upper  and  lower  rano^e  of  sectants. 

1.  Khombohedral  tetartohedrism, — Occurring  planes  the  alternate  cf 
iboee  mentioned  on  page  35,  that  is,  the  alternate  planes  r  of  one  base, 
•nd  I  of  the  other.     They  are  the  r  of  three  alternate  sectants  above,  and 
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the  I  of  three  sectants  below  alternate  with  these.  A  fonn  of  this  kiua 
consists  of  six  equal  planes,  equally  spaced,  and  hence,  equal  in  inclina 
lions,  and  is  tiierefore,  in  the  completed  state,  a  rhoinbohedron.  It  occuie 
in  inena(jcanite  or  titanic  iron,  and  in  quartz  (f.  183,  planes  IS-jf)- 

2.  Oyroidal  or  trapezohedral  tetartohedrism, — Occurring  j>lanes  the 
altenmte  of  Uiosc  lettered  r  or  I  in  f .  153,  p.  34,  that  is,  the  alternate  plane€ 
r,  or  alternate  Z,  of  both  bases. 
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In  f.  185,  the  nlanea  <>»,  o",  <>»»,  d\  o^  (4-f,  5-j.,  6-f,  8-f,  3-»,  the  firet 
four  ri^A^,  the  last  ceft)  are  examples.  The  upper  and  lower  or  a  kind  adjoin 
the  same  diametral  plane,  but  are  on  opposite  Bides  of  it,  and  therefore  the 
three  sectants  containing  planes  below  are  alternate  with  the  three  above. 
The  solid  made  of  these  six  planes  (f.  184)  has  trapezoidal  faces,  and  is 
called  a  trigonotype  by  Naumann. 

The  tetartohedral  planes  on  quartz  and  cinnabar  have  a  remarkable  con- 
nection with  the  circular  polarization  which  is  chamcteristic  of  them 
both,  and  which  is  further  explained  elsewhere  (p.  142). 

(B)  HemiinorphiG  forma;  the  planes  occurring  either  in  the  upper  or 
the  lower  range  of  sectants  and  not  in  both. 

There  are  two  kinds  of  forms :  (1)  the  heml-Thomhohedron^  and  (2)  the 

Ivemi^calenohedron.  Fig.  186  illustrates  each  of  these 
forms.  The  form  R  is  properly  hemihedi-al  at  the  two 
extremities,  its  planes  being  very  large  at  one,  and 
quite  small  at  the  other.  So  with  —J,  Another  rhom- 
yi       XI       r.  X  bohedron,  —2,   occurs   only  at  the   upper  extremity. 

A  /\  '    \^\        Again,  -J*  is  a  herai-scalenohedron,  the  upper  six  planes 

pj/^i   \ U'\      being  present,  but  not  the  lower. 

The  prism  /in  this  figure  is  hemihedral^  as  explained 
on  p.  34.  It  is  not  tetartohedral  to  the  hexagonal 
system  in  the  ordinary  view.  But  since  in  a  vci-tical 
zone  +m7?,  oo  jff,  —inR^  the  oo^  may  be  regarded  as 
the  infinite  term  of  either  the  ■\-7rhR  series,  or  else  tJie 
same  of  the  —niR  series;  and  as  this  view  accords  with 
the  tetartohedral  character  of  the  mR  series  in  all  such 
crystals,  it  might  be  ranked  among  tetartohedral  forms. 
From  the  same  point  of  view,  the  ditrigonal  prisms  in  tourmaline  and 


OarHQRHOMBIO  8TSTEIC. 


41 


qnartz  are  tetartohedral,  since  they  may  be  regarded  as  either  plas  or  luinaa 
tetartohedral  scalenohedrons,  with  an  iniiuite  vertical  axis. 

Variable  elements. — In  the  hexagonal  system  tlie  same  elements  ai  e  van- 
able  aA  in  the  tetragonal  (see  p.  30).  In  other  words,  the  position  of  the 
vertical  axis  is  fixed,  but  (1)  a  certain  length  must  be  assmned  astliemiit 
in  a  given  species,  and  also  (2)  the  position  of  the  lateral  axes  must  be  fixed, 
for,  as  in  1. 144, 146,  either  of  the  hexagimal  prisms  may  be  made  /  and 
the  other  i-2. 

The  general  c/iaraoteristios  of  this  system  which  the  student  must  be 
acquainted  with  are:  (1)  The  planes  constantly  occur  in  threes  or  sixes, 
or  their  multiples ;  (2)  The  frequency  of  the  angles  120°  and  160°  in  the 

1>rismatic  series ;  (3)  The  rhombohedral  cleavage,  common  in  species  be- 
onging  to  the  rhombc^edral  division.  It  is  also  important  to  note  that 
many  ionns  a^pparently  hexagonal  really  belong  to  the  orthorhombic  system, 
being  produced  by  twinning  parallel  to  the  vertical  prism  ;  e.^.,  the  appar- 
ently liexagonal  prisms  of  aragonite.  The  close  relation  of  the  two  systems 
is  spoken  of  elsewhere  (p.  46), 

The  planes  of  symmetry  for  the  holohedral  forms  are  analogous  to  those 
in  tlie  tetragonal  system  ;  that  is,  one  principal  plane  of  symmetrv  normal 
to  the  vertical  axis,  and  six  others  intersecting  in  this  axis.  These  last 
belong  to  two  sets,  the  planes  of  the  one  cutting  each  other  at  angles  of 
60°,  and  diagonal  to  those  of  the  other. 


IV.— ORTHORHOMBIC  SYSTEM. 

In  the  Obthobhombio  system  tlie  three  axes  are  unequal  c^l)^&\  of  these 
h  is  the  vertical  axis,  h  is  made  the  longer  of  the  two  latei*al  axes,  or  the 
ifiacrodiagonal  axis,  and  d  the  shorter  lateral,  or  hrackydiagorwl^  axis.^ 

Tlie  different  occurring  forms,  dedaoed  as  before  from  the  general  ex- 
uressi<m,  am: 


mc\fkb\a 

mrii 

mo  :b  :na 

'm-^' 

mo:b  :  a 

M 

o:b:a 

[1] 

mo:  cob  :  a 

m-^ 

m^  :b  :  coa 

m-l 

I 


ooo:  nb  :  a 

aoo  :b  ina 

ooo :b  :a 

[/] 

coo  :  b  :  coa 

U 

coo  :  cob  :  a 

Irt 

Oo  :b  :  a 

10] 

The  abridged  a/mbols  need  very  little  explanation  additional  to  that  given  on  p.  35.  As 
before,  only  the  essential  part  of  the  symbol  is  given ;  m  is  written  first,  and  refers  in  aU 
cases  to  the  vertioal  axis  (c),  and  n  refers  to  one  of  the  lateral  axes,  whether  the  longer  {I) 
or  the  shorter  {A)  is  indicated  by  the  sign  placed  over  it,  as  n  or  n.  When  n=oo,  this  ii 
indicated  by  the  t*  hitherto  used,  and  the  sign  is  placed  over  it,  i,  or  I,  with  the  same  signi- 
^cation.  These  correspond  to  the  symbols  nsed  by  Naamann,  as  follows:  0=0 P;  M= 
KoFab;  »-{=raoPQD  ;  coP/l^i-n;  mPi6=f»-i;  mP=tn\  m-n^mPri,  eto. 


*  For  the  relation  of  the  axes  tirns  lettered  to  those  of  Dana^s  System  of  Mineralogy  and 
of  other  authors,  see  p.  53. 
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A,  JToloh^ral  Forms. 

IHnacoida. — Tiie  final  (;ase  mentioned  in  tlie  above  eniimei-ation  em 
brakes,  as  bofore,  the  two  bos&I  planes,  or  basal  pinacoids ;  the  one  pre- 
cediiifi;  it  includes  the  two  planes  uaiallel  to  the  vertical  and  iiiacrodiagonal 
axes  (-;  iiiid  i),  called  the  ■macrojmiacoids,  and  the  next  above  includes  tlie 
jdaiies  ]>;inillcl  to  the  verticnl  and  brachy diagonal  axes  (c  and  a),  called  the 
hrachypiiiacovla.  'These  three  sets  of  planes  together  form  the  solid  in 
f.  \^%,  whiuli  is  culled  the  diameti-al  ptisiu.  In  consequence  of  the  ine- 
C)ii)ility  of  the  different  paii-s  of  jilanes  there  are  only  four  similar  edges  in 
uny  set;  thus  four  similar  vertical  edges;  four  maci-odia^iial  basal  edges, 
two  above  and  two  below,  between  d  and  i-\;  and  similarly  fonr  brawiy- 
dia^onal  basal  edges  between  0  and  i-i  ;  the  eight  solid  angles  are  all 
similar. 


I  fir*" 
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Prisms. — The  form  oo  o  :  i  :  a,  or  7,  includes  the  fonr  planes  of  the  unit 
prism  which,  in  combination  with  O,  is  seen  in  f.  1S7.  In  this  case  the 
eight  basal  edges  are  similar,  being  made  in  each  case  by  a  similar  pair  of 
planes  O  and  I.  Of  the  vertical  edges  there  are  two  pairs,  those  at 
the  extremity  of  the  axis  i,  which  are  obtuse,  and  tliosc  at  tht:  extremity 
nf  l>y  which  are  acute.  Similarly,  there  are  two  sets  of  basal  solid  angles, 
four  in  each;  for  thongh  each  solid  angle  is  formed  by  the  meeting  of 
the  same  three  planes,  the  angles  ai'e  different  in  the  two  cases.  The 
form  /  replaces  the  four  similar  vertical  edges  of  f.  188  ;  the  maci-o- 
pinacoids  *-i  truncate  the  obtuse  vertical  edges  of  the  prism  I,  and  the 
brachypinacoids  i-I  truncate  the  acnte  vertical  cages  of  /,  assiiown  in  f.  1S9. 
There  are  two  other  series  of  prisms  with  symbols  ^c:  nb  :  a  and 
■no:}}',  na.  In  the  latter  series  the  axis  b  is  made  the  unit ;  the  reason  for 
this  will  be  obvious  when  the  relations  of  the  two  forms  are  explained. 
The  piism  I  meets  both  axes  a  and 
191  J  at  tlioir  unit  lejigflis,  as  in  f.  187. 

If,  now,  the  prismatic  planes  meet 
the  longer  lateral  axis  {b)  at  a  greate' 
distance,  a  prism  is  formed  snch  as 
that  in  f.  190,  whose  symbol  is  i-s,  or 
00  fl  :  2i  :  o.  This  is  a  maci-odiago- 
nal  priEm  ;  and  othei-s  might  have 
the  symbols  irl  {v>  a  \  db  :  a),  i-1  {«■  c  :  4J  :  a),  and  so  on,  or  in  geiiei-al  i-fi. 
If  »  becomesless  than  unity,  the  case  shown  in  f.  191  arises  where  the 
iuoer  prism  has  n=i,  and  the  symbol  is  i-\  {'x>c\\b  '.  a),  stilt  retaining  li  as 
the  unit  axis.  For  convenience  of  leference,  however,  the  principle  before 
explained  (p.  11)  is  made  use  of,  and  the  plane  is  called  aaeib  :2a,oi  t-l  j 
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dieee  oxpreesione  and  those  before  given  being  identical,  except  that  m 
the  latter  case  b  is  the  luiit  axis.  By  this  method  the  use  of  any  fractions 
less  than  unity  is  avoided.  The  inner  prism  i-J,  indicated  by  dotted  linea 
in  f.  191,  then  becomes  the  outer  prism  or  i-i.  The  prisms  of  the  general 
form  i'7\  ai*e  called  brachydiagonal  prisms. 

The  prisms  i-n  bevel  the  front  and  i*ear  (obtuse)  edges  of  the  prism  I, 
f .  192,  and  the  prisms  i-Vi  bevel  the  side  (acute)  edges  as  m  f.  193.  Further, 
the  former,  i-;1,  replace  the  edges  between  i-i  and  /  (f.  194),  while  the  i-A 
prisms  replace  the  edges  between  i-i  and  I  (f.  194). 

This  series  of  planes  (f.  194),  from  i-i  to  i-i,  is  another  example  of  a 
zone;  all  the  planes  make  parallel  intersections  with  each  other,  being  alike 
in  that  they  are  parallel  to  the  vertical  axis. 


IM 
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Domes. — ^The  form  mo:  cob  :  a  includes  the   four  planes  which  are 

Parallel  to  the  macrodiagonal  axis,  aud  meet  the  vertical  axis  at  variable 
istances,  multiples  of  the  unit  length  (see  f.  34,  p.  11).  An  example  of 
them  in  combination  with  i-i,  the  brachypinacoid,  is  shown  in  f.  195. 
These  planes  are  called  m^aorodomea  (see  also  f .  196). 
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The  form  mc  \b  :  cca  includes  four  analogous  planes,  which  diflFer  in 
this  ]*espect,  that  they  are  parallel  to  the  brachydiagonal  axis,  and  are  hence 
called  orachycUymea  (see  f.  35,  p.  11).  In  this  case,  the  longer  lateral  axis 
18  taken  as  the  unit.  Fig.  197  shows  two  such  brachydomes,  1-i  and  2-t, 
in  combination  with  other  forms.  (See  also  f .  198.)  The  woi-d  dome^  used 
liere  and  above,  is  derived  from  So/t^,  or  domus,  a  houae^  the  form  resem- 
bling the  roof  of  a  house. 

The  combination  of  1-i  with  1-i  is  shown  in  f.  199,  forming  a  rectangular 
octahedron,  and  in  f.  200  they  are  shown  replacing  the  solid  angles  formed 
by  /  and  O^  as  in  f.  188.  As  either  of  the  three  directions  may  be  made 
the  vertical,  it  is  evident  that  these  domes  differ  f i*om  veitical  prisms  only 
in  position. 


^ 
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The  occurrence  of  these  domes  in  combination  with  the  other  forms,  O^ 
i-i,  i-i,  /,  affords  an  illustration  of  the  law  of  symmetry  that  all  similar 

paits  must  be  modified  alike.  Thus  in  f. 
187,  as  has  been  shown,  there  are  two  sets 
of  solid  angles,  four  in  each ;  one  set  is 
replaced  by  the  four  planes  of  the  form 
m-ij  and  ir  one  is,  all  must  be ;  and  the 
other  set  (lateral)  is  replaced  by  the  four 
planes  of  the  form  ml,  f.  200. 

Octahedrons  {or  Pyramids). — The  Bym- 
boloib  :  a{l)  belongs  to  the  unit  octahedron  (f.  201).  It  replaces  the 
edges  between  the  prism  I  and  the  basal  plane  0  (f .  20^5).    It  also  replaces 
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the  eight  similar  solid  angles  of  the  diametral  pi  ism,  as  in  f.  203.  This 
is  a  special  case  of  the  form  mo  :  i  :  a,  in  which  ?n  naay  have  values  vary- 
ing from  0  to  00 .  Fig.  208,  of  sulphur,  shows  a  zone  of  such  planes,  of 
the  general  symbol  m^  :  J  :  a,  with  7/i=w  for  I;  also,  m=l,  m=i,  m=J, 
17*=^,  and  finally  m=Oy  for  the  basal  plaue  0. 
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The  general  form  in  this  system,  consisting  of  eight  similar  planes,  may 
be  written  either  m>c  :nb  :  a  {rrirn)  or  m/i  :o:na  {m-^).  The  relation  be- 
tween the  two  is  the  same  as  that  between  the  prisms  i-/;  and  i-n.  Thus, 
in  f.  204,  one  plane  of  the  octahedron  2c:  2b  :  a  (2-2)  is  given,  and  also  one 
plane  of  another  octahedron  or  pyramid,  whose  symbol  is  2c  :  b  :  a  (2).  If 
n  becomes  less  than  unity,  as  i,  the  plane  has  the  symboi  2c  :  ib  :  a  (2-^ ). 
In  order  to  avoid  this  use  of  fractions  the  symbol  is  written  4<? :  i  :  2a^ 
tliat  is,  4-2.  The  plane  is  shown  in  f.  205,  in  its  two  positions  correspond- 
ing to  2c:  ib  :  a,  and  icib  :  2a,  the  two  being  crystallographically  iden- 
tical. 
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Thus  there  are  two  series  of  pyramidal  planes :  a  7naerodi(zgonal  ^m-n) 
where  the  shorter  axis  is  taken  as  the  unit,  and  a 
hrcLckydicLgonal  (m-^),  where  the  unit  is  the  longer 
lateral  axis;  and  between  the  two  lie  the  unit 
octahedi*on  (1)  and  those  of  the  m  series,  just  as 
the  prism  /  lies  between  the  prisms  i-n  and  i^. 
The  macrodiagonal  planes  1-2  and  2-2  are  shown 
in  f.  206  and  ?.  207.  It  is  also  seen  in  f.  207  that 
the  planes  2-2,  ^-i,  2-2  all  make  parallel  intersec- 
tions with  each  other  and  with  i-l^  being  an 
example  of  a  zone  where  the  ratios  of  the  ver- 
tical axes  are  the  same.  Further  orthorhombic 
forms  are  displayed  in  f.  208,  of  sulphur,  already 
referred  to  The  f nil  symbol  of  the  plane  1-ft  is 
0  :  3  :  3a. 


B.  Hemihed/ral  Forms. 


Sulphur 


The  hemihedral  forms  that  have  been  observed  are  of  two  kinds :  1, 
The  verticaUt/oblique  (p.  14),  producing  monodinio  forms;  and  2,  the 
Jiemimorphic^  in  which  tne  planes  of  the  octahedrons  or  domes  of  one  base 
have  no  corresponding  planes  at  the  opposite  extremity.     The  former  kind 
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Humit«. 


Humite. 


Galaminr. 


is  illustrated  in  f.  209,  of  the  species  cbondrodite  (var.  humite,  type  111). 
Fig.  210  represents  the  holohedral  form  of  the  same ;  the  planes  f-i,  1-i, 
2-i,  are  of  macrodomes  ;  4-^,  ^i,  ^l^  4-i,  of  brachydomes  ;  and  the  others  of 
various  octaliedrons,  mostly  in  two  vertical  zones,  the  unit  zone  {7iic  \b  i  a\ 
and  the  1  :  2  zone  {ma :  2b  :  a).  In  f .  209  the  altemato  of  the  macro- 
domes  and  of  the  octahedral  planes  of  the  1  :  2  zone  are  absent  in  the 
ripper  half  of  the  form,  and  are  present  without  those  with  which  they 
alternate  in  the  lower  half.  The  crystal  consequently  resembles  one  under 
the  monoclinic  system. 

Oatolite  was  formerly  cited  as  a  hemihedi-al  orthorhombic  species,  but  it 
has  been  found  to  be  really  monoclinic.  Furthermore,  it  has  been  recently 
shown  by  the  author,  by  refereuoe  to  the  optical  properties,  that  the  chon 
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drodite  of  the  secjond  and  third  types  (see  p.  327)  is  not  orthoihombic  bnt 
monoclinicy  and  this  mast  be  true  also  of  huraite.* 

Hemimorphic  forms  characterize  the  species  topaz  and  calamine.  The 
latter  (in  f.  211)  has  only  the  planes  of  a  hemioctahedron  at  one  extremity, 
and  planes  of  hemidomes  at  the  other.  For  the  pyro-electric  properties  of 
such  forms,  see  p.  169. 

Va/ftable  dements. — In  the  orthorhombic  system  the  lengths  of  the  three 
axes  are  variable,  though  their  position  is  fixed,  and  after  these  are  fixed 
the  choice  of  one  for  tnt.  vertical  axis  must  be  arbitiarilv  made.  In  other 
words,  given  an  orthorhombic  crystal,  the  three  rectangular  directions  are 
fixed,  but  two  assumptions  must  be  made  which  wnll  mathematically  deter- 
mine the  length  of  two  of  the  axes  in  terms  of  the  tliird.  For  instance, 
in  a  crj'stal,  if  certain  occurring  domes  are  adopted  as  the  unit  planes  1-i 
and  \-l^  this  will  determine  the  relative  lengths  of  the  three  axes,  for 
which  two  measurements  will  be  necessary ;  or,  if  an  occurring  octahe- 
dron is  assumed  as  the  unit  octahedron  (1,)  this  alone  will  obviously  fix  the 
axes ;  but  here,  also,  two  independent  measurements  are  necessary  in  order 
to  enable  us  to  calculate  their  leufftli,  as  is  explained  later,  p.  74.  Hav- 
ing determined  upon  the  relative  lengths  of  the  axes,  one  of  these  must  be 
made  the  vertical  axis  (c),  and  then,  of  the  two  remaining,  the  shorter  will 
be  the  brachydiagonal  (a),  and  the  longer  the  macrodiagonal  axis  (i). 

In  deciding  these  arbitrary  points,  the  following  serve  as  guides :  The 
habit  of  the  crystals ;  the  relations  of  the  given  species  to  those  allied  in 
composition;  the  cleavage,  which  is  regarded  as  pointing  to  th«t  form 
which  is  properly  fundamental ;  and  other  considerations.  How  arbitrary 
the  choice  generally  is  is  well  shown  by  the  fact  that,  in  a  considerable 
number  of  species  belonging  to  this  system,  different  lengths  of  axes,  as 
also  dif['M"cnt  positions  for  them,  have  been  adopted  bydinei-ent  authors. 
Where  an  optical  examination  can  be  made  of  an  orthorhombic  crystal, 
the  results  show  what  the  true  position  of  the  axes  is,  in  accordance  with 
the  principles  proposed  by  Schrauf.  This  subject  is  alluded  to  again  in  its 
proper  place  (p.  151). 

llie  general  charaoteristies  of  the  crystals  of  this  system  are  not  so 
marked  as  those  of  the  preceding  systems.  The  kind  of  symmetry  should 
be  well  understood,  though,  as  remarked  on  p.  50,  crystals  which  are  in 
appearance  orthorhombic  maybe  really  raonoclinic ;  the  true  test  of  the 
system  is  to  be  found  in  the  three  rectangular  axial  directions.  A  pris- 
matic habit  is  very  common,  the  prisms  (except  the  diametral  prism)  not 
being  squai'e,  also  the  prominence  of  some  of  the  most  commonly  occur- 
ring macrodomes  and  orachydomes ;  a  prismatic  cleavage  is  common, 
ana  often  a  cleavage  exists  parallel  to  one  of  the  pinacoids  {e.g.,  i-l) 
and  not  to  the  other,  which  could  not  be  true  in  the  tetragonal  system  ; 
similarly  the  planes  i-i,  iA  are  sometimes  physically  dinerent,  e.g.,  in 
regard  to  lustre. 

As  has  already  been  remarked,  forms  apparently  hexagonal  are  common 
among  certain  species  belonging  to  this  system ;  this  is  true  in  those  cases 

*  8iuoe  the  above  paragraph  was  pat  into  type,  Des  Cloiieaiix  has  aimoimoed  that  on  optf* 
oal  inyestigatlon  by  him  has  proved  that  humite  crystals,  of  types  II.  and  III.,  are  really 
numooUnio^  as  suggested  above.     The  figures  are  aUowed  to  remain,  however,  since  they  Ulna 
trat«  the  form  which  this  metl  od  of  hemihediism  wnild  produce. 
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where  the  prism  has  an  angle  approximating  to  120^  It  is  immediately 
evident^  as  is  explained  more  thoroughly  in  the  chapter  on  compound 
crystals,  that  if  three  individual  crystals  are  united  each  by  a  prismatio 
face,  when  the  prismatic  angle  is  near  120°,  they  will  form  together 
a  six-sided  prism,  approximating  more  or  less  closely  to  a  regular  hexa 
gonal  prism.  Similarly,  under  the  same  circumstances,  the  correspond 
mg  pyramids  will  thus  together  form  a  more  or  less  symmetrical  hexagonal 
pyramid.  This  is  illustrated  by  the  accompanying 
figures  of  witherite,  where  the  prismatic  angle  is  118*^, 
30".  It  need  hardly  be  added  that  this  is  true  in 
general,  not  only  of  the  vertical  prism,  but  also  of  a 
racujrodome  or  brachydome,  having  an  angle  near  120°. 
The  optical  relations  connected  with  this  subject  are 
alluded  to  elsewhere,  p.  151. 

Planes  of  Symmetry, — The  three  diametral  planes 
are  planes  of  symmetry  in  this  system,  and  they  are  the  only  ones. 
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v.— MONOCLINIC  SYSTEM, 


In  the  MoNooLTNio  system  the  three  axes  are  un- 
equal in  length,  and  while  two  of  them  have  rectan- 
gular intersections,  the  third  is  oblique.  The  position 
usually  adopted  for  these  axes  is  as  shown  in  f.  214, 
where  the  vertical  axis,  c,  and  lateral  axis,  i,  make 
retangular  intersections.  The  same  is  true  of  b  and 
a,  while  c  and  d  are  oblique  to  one  another. 

The  following  is  an  enumeration  of  the  several 
distinct  forms  possible  in  this  system,  deduced,  as  be- 
fore, from  the  general  expression  : 


— T^w  I  Tib  \  a 
H-mc  irtb  \  a 


i  — 77WJ : 

b  :  na 

+mc  : 

b  :  na 

— mc : 

b  :  a 

— c :  b 

:  a 

-^TJic : 

b :  a 

-j-c :  b 

:  a 

m^ :  b 

:  ooa 

•^mrii 
•j-m-n 

[-1] 
[+m-\ 

[+1] 
m-i 


The  abridged  symbols  oormpond  to  those  in  the  orthorhombic  system,  explained  on  p.  42. 
The  only  point  to  be  noted  is  that  where  not  i  relates  to  the  clinodiagonal  axis,  <l,  this  id 
indicated  by  an  accent  placed  over  it,  as  m-i,  m-n  ;  bat  in  m-i^  and  m-/t,  etc.,  /  and  n  refeS 
to  the  orthodiagonal  axis.  Nanmann  wrote  these  mPSo,  and  mP.)^  or  else  with  tb« 
accent  across  the  initial  letter  P.  The  minus  signs  are  used  m  the  same  way  as  by  Naumons 
(see  p.  76). 


— mc  :  00  J  : 

a 

—m-i 

•{•mc  :  00  J  : 

a 

'-\-mri 

^c:nb  va 

[i-n] 

oQc  :b  :  na 

x>o  :  b  :  a 

•a 

r^^J 

000  :  00  J  :  a 

cocib :  ooa 

Oc:b:a 

iO] 

Pinacoids. — As  in  the  orthorhombic  system,  there  are  thi-ee    paii-s  of 
pinacoidal  planes :  the  base  O^Qo  :b  ia\  the  artkopinacoid^  parallel  to  the 
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ortho-axis  (fi)  oo o  i  coh  :  a,  or  i4 ;  and  the  clinopinaeoidj  parallel  to  the  in 
clined  axis  (d),  cocib:  coa,or  i-i. 

In  the  solid  (f.  216)  or  diametral  prism  formed  of  these  three  pairs  ol 
planeo,  the  four  vertical  edges  are  similar,  and  this  is  also  true  of  tlie  four 
edges  between  O  and  i4.  On  the  other  hand,  tlie  four  remaining  edges  ai-e 
of  two  sets;  that  is,  the  edge  in  front  above  is  similar  to  the  edge  be- 
hind and  below,  for  the  angles  are  equal 
and  inclosed  by  similar  planes ;  but  these 
edges  are  not  similar  to  the  remaining 
two,  since,  though  the  planes  are  the 
same,  the  inclosed  angles  are  unequal  to 
the  former.  Further,  there  are  two  seta 
of  solid  angles,  two  in  front  and  two  dia- 
gonally opposite  behind,  being  alike  ob- 
tuse angles,  and  the  other  four  alike  and  acute. 

JPrisms.—ln  consequence  of  the  similarity  of  the  vertical  edges  of  the 
diametral  prism,  they  must  all  be  replaced  if  one  is  ;  this  is  done  by  the 

unit  prism  /(oo  c  :  i  :  a),  in  f.  215,  217. 

Ot  the  other  prisms,  each  obviously  consiat- 
ing  of  four  planes,  there  are  two  series,  the 
orthodiagonal,  i-n,  and  clinodiagonal,  i-ri, 
bearing  the  same  relation  to  each  other  as 
the  macro-  and  brachy-di agonal  prisms  in 
the  orthorhombic  system,  in  fact,  the  same 
explanation  may  be  made  use  of  here.  Fig. 
217,  of  a  crj'Stal  of  datolite  from  Toggiana, 
shows  the  pinacoid  planes,  as  also  the  unit 
prism,  /,  and  the  clinodiagonal  prism,  i-i. 

dinodomea, — The  form  m-i  {mc  :  J  :  oo  a) 
includes  the  four  planes  parallel  to  the  clino- 
diagonal axis,  and  meeting  the  others  at  variable  distances.  They  ai'e  analo- 
gous to  the  brachydoraes  of  the  orthorhombic  system.  Tliere  are  four  of 
these  planes,  because  the  two  axes,  c  and  6,  make  rectangular  intei^sections. 
This  is  also  seen  in  f.  218,  since,  as  has  been  remarked,  the  four  clino- 
diagonal edges  in  f .  215  are  similar,  and  hence  are  simultaneously  replaced 
by  these  clinodoraes. 
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Orthodomes, — Of  the  general  form,  m^? :  oo  i  :  a,  there  are  two  sets  ol 
planes,  two  in  each  (hemiorthodomes),  both  of  which  are  alike  in  that  they 
are  parallel  to  the  orthodiagonal  (6)  axis  (see  f .  219).  They  are  unlike,  how* 
ever,  in  that  two  are  opposite  an  obtuse  angle,  and  two  opposite  the  acute 
angle.    Consequently  these  two  pairs  of  planes  are  distinct,  and  must  occur 
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independently  of  each  other.  To  distinguish  between  them,  those  belonging 
to  the  obtuee  sectants  receive  the  minus  sign  (— m-t),  and  those  belonging 
to  the  acute  sectants  the  plus  sign  (+m-«),  f.  219.  This  same  point  is  illus- 
trated by  f.  220,  where^  as  has  been  remarked,  the  obtuse  edges,  above  in 
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front,  and  below  behind,  are  similar,  and  are  hence  replaced  by  planes  of 
the  ^m-i  series,  while  the  remaining  two  (f.  221),  are  also  similar,  and  ai*e 
replaced  by  -i-niri  planes. 

Semiroctahedrons. — The  same  distinction  of  plus  and  minus  belongs  to 
all  the  pymmidal  planes,  and  the  signs  are  used  in  the  same  way.  Foi 
each  form  tliere  are  only  four  similar  planes. 

The  m  series  is  that  of  the  unit  octahedi-ons,— properly  hemi-octahe- 
drons,  or  hemi-pyraraids  +m  and  --m.  The  form  made  up  of  +1  and  —1 
id  seen  in  f .  223,  and  in  f  •  222  the  same  planes  are  in  combination  with  the 
three  pinacoids. 

The  general  form,  +17^-11^  — m-n,  and  +m-n,  —  m-A,  give  each  four  simi- 
lar planes.  They  bear  exactly  the  same  relation  to  each  otlier  as  the  m-n 
and  m-7l  of  the  orthorhorabic  system,  so  that  no  additional  explanation  is 
needed  here  in  regard  to  them. 

The  figui-e  (f.  217)  of  datolite  may  be  referred  to  for  illustrations  of  the 
different  forms  which  have  been  named.  There  are  here  three  different 
cliiiodomes  ^i,  2-i,  and  4-i,  each  comprising  four  planes ;  a  minus  hemi- 
orthodome  (opposite  the  obtuse  angle),  — 2-i,  and  also  a  plus  orthodomc, 
H-2-i  (these  two  planes  are  quite  distinct,  though  numerically  the  symbols  are 
the  same) ;  moreover,  of  heuii-octahedrons  01  the  unit  series,  there  are  —4, 
— f,  and  H-4,  +2,  +f,  +  l,+f,  +t;  also  of  orthodiagonal  pyramids,  —4-2, 

—  6-3,  also  +2-2,  jmd  of  clinodiagonal  planes,  — 8-i,  and  +12-f.  A 
careful  study  of  a  few  such  iigures,  especially  with  the  help  of  models,  will 
give  the  student  a  clear  idea  of  the  symmetry  of  this  system.  It  will  be 
noticed  that  all  the  planes  above  in  front  are  repeated  below  behind,  and 
those  below  in  front  appear  again  above  behino.  More  impoi-tant  than 
this,  it  will  be  seen  that  the  clinodiagonal  diametral  plane  divides  the  crys- 
tal into  two  symmetrical  halves,  right  and  left ;  in  other  words,  as  remarked 
later,  it  is  a  plane  of  symmetry. 

Hevaihedral  forms  occur  of  a  hemimorphio  character,  in  which  the  planes 
abont  the  opposite  extremities  of  the  vertical  axis  are  unlike ;  thus,  the 
planes  of  one  or  more  hemi-pyramidsmay  occur  at  one  extremity,  without 
those  corresponding  at  the  other,  as  in  tartaric  acid,  ammonium  tartrate,  etc. 

With  many  monoclinic  crystals  the  obliquity  is  obvious  at  sight ;  but  with 
many  othei^s  it  is  slight,  and  can  be  determined  only  by  exact  measurements. 
4 
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In  datolite  it  is  only  six  minutes.  The  character  of  the  symmetry  exhibits 
further  the  obliquity.  But,  as  seen  above,  both  4-  and  —  planes  of  the  same 
value  do  occur  together,  and  though  they  are  really  distinct  yet  they  may 
give  a  monoclinic  crystal  the  aspect  of  an  orthorhomMc  crystal.  On  the 
other  hand,  true  orthorhombic  crystals  may  be  heraihedral,  and  thus  may  be 
monoclinic  in  the  chai*acter  of  the  symmetry  (p.  46). 

VaHdble  elements. — In  the  monoclinic  system,  the  only  element  which  is 
nxed  is  the  position  of  the  orthodiagonal  axis  (b)  at  right  angles  to  tlie  plane 
in  which  the  other  axes  must  lie.  The  lengths  of  these  axes  must  obviously 
be  assumed  in  the  same  wav  as  in  the  preceding  system ;  but,  further  than 
this,  their  position  in  the  given  plane,  and  the  angle  they  make  with  each 
other,  are  both  arbitrary ;  in  other  words,  any  plane  in  the  zone  at  right 
angles  to  the  clinopinacoid  may  be  taken  as  the  base  (O)  and  any  other 
as  tlie  orthopinacoid  (i-i).  The  existence  of  a  prismatic  cleavage,  or  one 
parallel  to  a  plane  in  tne  orthodiagonal*  zone  often  points  to  the  planes  which 
are  really  to  be  considered  fundamental.  In  manv  cases  it  is  considered 
desirable  to  assume  an  angle  near  90*^  as  the  angle  or  obliquity,  so  as  to  show 
the  degree  of  divergence  from  the  rectangular  type.  It  need  hardly  be 
added  that  authorities  differ  widely  both  as  to  the  position  and  lengths 
given  to  the  axes  of  the  same  species. 

Plane  of  symmett^. — Monoclinic  crystals  have  but  one  plane  of  sym- 
metry, the  diametral  plane  in  which  the  vertical  and  clinodiagonal  axes 
lie,  that  is,  the  plane  parallel  to  the  clinopinacoids.  The  maximum  num- 
ber of  similar  planes  for  any  form  is  four,  and  it  will  be  noticed  that 
there  is  no  single  form  which  alone  can  enclose  a  space,  or  form  a  geome 
*rical  solid. 


VI.— TRICLINIO  STSTEK 

In  the  Triclinio  SYSTEM  the  three  axes  are  unequal,  and  their  intersections 
are  mutually  oblique.  In  consequence  of  this  fact,  there  is  no  plane  of 
symmetry.  Only  diagonally  opposite  octants  are  similar;  there  can  conse- 
quently be  only  two  planes  of  anyone  kind.  There  are  no  truncations  or 
beveliiients,  and  no  interfacial  angles  of  90*^,  135°,  or  120°.  The  prisms 
are  all  hemiprismSy  and  the  octahedrons  tetarto-octalied/rons. 

The  lateral  axes  are  called  the  macrodidgonal  (J),  and  the  hrachydiago- 
nal  {d).     In  f .  225  the  diametral  prism  (made  up  of  three  pairs  of  different 
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planes)  is  represented,  and  in  f.  224  the  unit  prism.  To  the  latter  is  added 
(in  f.  226)  one  plane  —1  on  two  diagonally  opposite  edges,  which  are  two 
out  of  the  eight  of  the  unit  octahedron  (f .  227).     This  octahedron,  as  will 
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bo  seen,  is  made  np  of  four  sets  of  different  planes.  The  different  kinds 
of  planes  are  distinguished  by  the  long  or  short  mark  over  the  n  (Ji  or  ^) 
and  also  by  giving  those  which  oc<;nr  m  th«  riglit-hand  octants,  in  front, 
an  accent;  those  above  (in  the  obtuse  octants)  are  minus,  and  the  others 
phis.  The  form  7/i-A  consequently  may  be  —  wi-A',  or  --m~fi^  •\-m-ii\  oi 
-¥vi-n ;  and  similarly  with  m-n.  In  f.  228  the  unit  prism  is  combined  with 
a  hemidome  and  a  vertical  plane  parallel  to  the  brachydiagonal  section. 

The  forms,  although  oblique  in  every  direction,  may  still  be  closely 
similar  to  monoclinic  forms  of  related  species. 
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Anorthite. 


Axinite, 


The  annexed  figures  are  of  triclinic  species.  In  f .  229,  of  anorthite,  of 
the  feldspar  group,  the  form  is  very  similar  to  those  of  the  monoclinic 
feldspar,  orthoclase;  in  orthoclase,  O  on  the  brachydiagonal  (clinodiagonalk 
section  is  90°,  whence  it  is  monoclinic,  while  in  anorthite  this  angle  is  85 
50',  or  4°  10'  from  90°,  and  this  is  the  principal  source  of  the  divewity  of 
angle  and  form. 

Fig.  230  represents  one  of  the  crystalline  forms  of  axinite,  nearly  all  of 
which  fail  of  any  special  monoclinic  habit 
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Introductory  remarks  on  the  proper  symbol  of  each  plane  of  a  general 
crystaUvne  form,, — Hitherto  the  symbol  m^o  :  nb  :  a  has  been  employed  to 
express  the  general  position  of  all  the  planes  compriping  any  crystalline 
form,  and  it  has  been  shown  that  there  are  in  some  cases  forty-eight  similar 
planes  answering  to  the  general  symbol,  and  in  other  cases  only  two.  In 
order,  however,  to  express  the  exact  position  of  each  individual  plane  be- 
longing to  such  a  form,  it  becomes  necessary  to  resort  to  the  methods  of 
analytical  geometry.  As  shown  in  f.  231,  tne  portions  of  tlie  axes,  when 
the  centre  is  the  starting  point,  which  lie  above^  to  the  rights  and  in  front 
of  the  centre,  are  called  plus  (+);  the  corresponding  portions  of  the  axes 
measured  from  the  centre  belowy  to  the  leftj  and  hehtrvcty  are  called,  for  the 
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sake  af  distinction,  minvs  (— ).  The  planes  of  the  first  qnadraLt  (see  also 
f.  232)  are  all  positive  (+);  the  planes  of  the  second  positive  (+)  witli 
reference  to  the  axes  c  and  a,  but  negative  (— )  with  reference  to  6 ;  iii  the 
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third,  both  lateral  axes  are  negative  (— ) ;  in  the  fourth  qnadrant  the  plane* 
are  positive  in  regard  to  c  and  J,  but  negative  with  respect  to  a.  The 
lower  quadrants  are  respectively  similar,  except  that  the  vertical  axis  is 
always  negative.  The  symbols  for  each  plane  of  the  orthorhombic 
octahedron  (f.  231),  taken  in  the  same  order,  will  be  as  follows  . 

Above,  +0  :  4- J  :  H-»;  +o  :  — i  :  +a;  -fc  :  —J  :  t-o;  -he  :  -f-ft  :  —a. 
Below,  — c  :  +i:  +a;  — c  :  — J  :  +a;  —c  :  —J  :  —a:  —(?:+&:  —a. 

The  hexoctahedron  {^aa  \na\  a)  may  be  taken  as  another  example.  The 
general  symbol  of  the  form  of  f.  247,  p.  64,  is  3-|  (3a  :  ^a  :  a),  but  the 
symbol  of  each  plane  is  distinct.  The  same  principle  applies  here  as  in  tlie 
other  case.  Several  of  the  planes  in  f.  247  are  numbered  to  allow  of 
convenient  reference  to  them  as  examples,  the  appropriate  symbols  are 
written  below;  the  order  in  the  symbols  is  the  same  as  that  uniformly  used 
in  the  work :  1st,  the  vertical  axis  (c) ;  2d,  the  lateral  axis  extending  right 
and  left  (6) ;  and  3d,  the  lateral  axis,  in  front  and  behind  (a). 


c      b      a 

c 

b     a 

1  =  3a  :  fa  :    a 

'       6  =      3a 

\       a  :  f  a 

2  £=  fa  :  3a  :    a 

7=  -3a 

fa :    a 

3  =    a  :  3a  :  |a 

8  =  -3a : 

a :  fa 

4  =    a  :  f  a  :  3<i 

9  =      fa: 

:  —3a  :    a 

5  =  fa  :    a  :  3a 

10  =  -3a : 

:  —  fa  :    a,  and  so  on. 

It  will  be  evident  from  these  examples  that  to  express  the  position  of 
an  individual  plane  the  numbei'S  expressing  its  relations  to  the  three  axes 
must  all  bo  regarded,  each  with  its  appi-opriate  sign ;  in  other  words,  the 
values  of  //i,  w,  r,  in  the  general  form,  mc  \  nb  :  ?*a,  must  all  be  given,  one 
of  them  being  unity;  m  always  refere  to  the  vertical  axis,  c;  n  to  the 
lateral  axis,  & ;  r  to  the  lateral  axis,  a ;  as  has  already  been  remarked,  a 
is  usually  made  the  unit  axis.  In  the  example  last  given  the  axes,  Icing 
all  equal,  are  all  called  a. 
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Referenoe  must  be  made  here  to  the  method  of  lettering  the  azus  adopted  in  this  work. 
The  niiage  of  the  majority  of  anthers  is  followed,  and  the  subject  is  illustrated  in  the  fol- 
lowing table. 


lumetrta       Totmir.  (Hnxag.)         OHhorhombio.  Triolinia  HobsfCilnio. 

vert.         lat.        Tert.    macrodlag.  brachydiag.     Tert  ortbodiag   clinodiag 

Oommon  usage. ) 

This  work        c  ^                6  a         6  h  d              c          b             d 

(WeiusRoiie.)) 

Miller's  School,  0  c  a  bob 

Mofas,  Naumann,  a               a  a  b  e 

Dana  (System  1808)  a               a  a  c  b 

It  is  oertainly  yeiy  desirable  to  indicate  to  which  axis  each  letter  refers  by  the  maik 
placed  above  it ;  in  doing  which,  we  follow  Klein's  ElrUeitang  in  die  KrifstaUbersehnung* 


\' 


a 
b 


DETERMINATION  OF  PLANES  BT  ZONES. 


ir 


The  subject  of  zones  has  been  briefly  explained  on  page  4,  and  varions 
examples  have  been  pointed  out.  The  principle  is  one  of  the  highest  im- 
portance, both  practically,  since  it  gives  the  means  of  determining  the 
symbols  of  many  planes  without  calculation,  and  also  theoretically.  The 
law  of  zones,  which  states  simply  that  the  planes  of  a  crystal  lie  in  zones, 
is  one  of  the  most  important  of  the  science,  and  second  only  to  that  of  the 
rationality  of  the  indices.  The  planes  of  a  crystal  thus  may  be  said  to  be 
connected  together  by  these  zones,  a  single  plane  often  lying  in  a  large 
number  of  zones. 

Parallelism  in  the  combination  edges,  or  mutual  intersections  of  i)lane8, 
16  based  upon  some  common  geometrical  ratio,  and  this  common  ratio  hp 
longs  to  the  symbols  of  all  the  planes  of  the  zone. 

All  planes  which  lie  in  the  same  zone  will  g^ve  exactly 
parallel  reflections  with  the  reflective  goniometer,  as  explained 
on  p.  87.  This  is  the  only  decisive  test,  and  when  possible 
should  be  made  use  of,  since  combination-edges  often  appear 
paraUel  when  the  planes  forming  them  are  not  reaUy  in  the 
same  zone.  Furthermore,  inasmuch  as  parallel  intersections 
are  observed  between  planes  of  a  zone  only  when  they  actually 
intersect,  the  goniometer  may  often  serve  to  detect  the  ex- 
istence of  zones  not  otherwise  manifest. 

In  f.  194,  p.  43,  the  planes  i-i,  i-2,  /,  i-S,  irl,  all 
lie  in  a  vertical  zone,  and  they  are  all  obviously 
alike  in  this,  that  they  are  parallel  to  the  vertical 
axis ;  in  other  words,  the  common  value  ^  =  oo  be- 
longs to  them  all.  Again,  in  the  zone  O,  1-i,  2-<,  Acanthite. 
t-{,  etc.  (f.  197,  p.  43),  the  planes  are  alike  in  that 

they  are  all  parallel  to  the  brachydiagonal  axis  ;  in  other  words,  rf  =  ao  is 
true  of  all  or  them.  Still  again,  the  pyramidal  planes  i,  1,  2  (f .  150,  p.  33), 
iire  also  in  a  zone  between  O  and  /,  and  here  the  ratio  1  :  1  for  the  lateral 
axes  applies  to  all ;  also,  1-2,  2-2,  4-2,  are  in  a  zone  from  0  to  i-2,  and  for 
them  mo  lateral  axes  have  the  ratio  1:2.  In  the  case  of  an  oblique  zone, 
as  i-i,  3-8,  2-2, 1,  etc.  (f.  233),  this  fact  is  less  evident  on  inspection,  but  ia 
equally  true,  as  will  be  seen  later.     Tlie  common  ratio  in  this  case  is  m  =  r. 

Since  all  the  planes  of  a  zone  have  a  comnron  ratio,  which  has  been 


1 

•  *'▼      \.»*\y      X            ■•    • 

V* 

I] 

• 

4 

1 

I 

it 

» 
> 

A 

64  CBTSTALLOGSAPHT. 

shown  to  be  true  in  several  examples  but  also  admits  of  rigid  pro«)fj 
it  is  evident  that  a  plane  which  lies  in  tvw  zones  has  its  position  detei^ 
mined  by  that  fact,  since  it  must  answer  to  two  known  conditions.  lu 
other  words,  the  algebraic  equation  of  a  zone  is  known  when  the  pai'amo- 
ters  of  two  of  its  planes  are  given,  for  they  are  sufficient  to  determine  the 
common  ratio,  and  by  combining  them  the  zone  equation  is  obtained ;  and 
further,  when  the  equations  of  two  zones  are  given,  combining  them  will 
give  the  equation,  that  is,  the  parameters,  of  the  plane  common  to  both. 

The  general  equation,  derived  from  Analytical  Geometry,  for  any  plane 
mo  :  nJ  :  ra,  mating  parallel  intei*sections  with  the  planes  m^o  :  n^$ :  r'a 
and  m'^c  :  n^'b  :  r'^a  is, 

M       N      li 

1 i =  0:in  which, 

By  substituting  the  values  of  the  parameters  of  two  given  planes  i.oxm\ 
n',  /•',  and  w",  n  ,  r"  in  the  zone  equation,  a  derived  equation  is  obtained 
which  expresses  the  relations  between  m,  n,  r  of  all  the  planes  of  the  zone. 
The  form  of  the  general  zone  equation  is  so  symmetrical  that  the  calcula- 
tions are  in  any  case  quickly  and  easily  made  by  a  method  analogous  to 
that  used  in  Miller's  system  (as  suggested  by  Prof.  J.  P.  Cooke).  If  we 
write  the  parameters  in  parallel  lines,  repeating  the  first  two  terms,  we 
have 


"  ,  n"  /\  r"  A  m"  y\  n" 


and  it  will  be  seen  that  the  coefficients  J/",  N,  R  are  found  by  multiplying 
together  the  parameteis  in  the  manner  which  the  scheme  indicates. 

M-  m'm"  {n'r"-r'n").  JJf^^z  n'n"  {r'm'-mV').  R  =  rV  {m'n"-n'm"). 

Take,  for  example,  the  zone  of  planes  between  i-i  and  1  (f .  233).  For 
i-J,  m'  =  i,  n^  =  1,  r'  =  i ;  for  1,  w"  =  1,  n"  =  1,  r"  =  1  (i  =  oo ) ;  hence 
the  scheme  becomes 

1  ,  1   /\   1   A   1   A  1 
and  for  the  several  values  of  the  coefficients 

if=i(l_t)=  -i».    jy=l{i^i)=0.    i?  =  i(i-l)  =  t». 

This  reduces  the  zone  equation  torn  =  r  (after  dividing  by  t^  =  oo*),  and 
to  this  all  the  planes  of  the  zone  conform.  So  also  for  the  zone  of  l-l,  /, 
3-|,  1-i,  etc.,  in  f.  234.  The  pai^ameters  of  the  plane  /  and  1-i  armnged  as 
above  give 

i     1    1    i     1 

1    i     1    1     i 

and  the  valuet  of  Jf,  JT,  R  are  — i*,  —i^  and  +t'  respectively.    Hence  th€ 
■one  equation  becomes 

m        n        r         » 
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234 


and  if  r  =  1,  the  oceneral  formula  n  = r  is  derived.  Between  i  :  1 :  1  (I\ 

and  1  :  i  :  1  (l-l)  the  valno3  of  n  are  positive,  as  with  the  series  of  planea 

i\l-i\\'i\  hc:^:a\   5  :  |^ :  1 ;  4 :  | :  1 ;  3  :  | :  1 ; 

2:2:1;  f  :  3  : 1,  etc.,  1  :  i  :  1.    Between  1:  ill 

and  \  the  vahies  of  n  are  negative,  that  is,  are 

measured  on  the  back  half  of  the  axis  i ;  as,  for 

example,  |:  —  4::l;f:— 3:1;  f:— 2:1;  J: 

—  1:1.    As  the  zone  continues  on  from  J  :  —  1  : 1 

to  1 :—  1  :  ±i  (1-i),  and  i\  — 1 :  — 1  (/), the  unit 

axis  is  changed,  making  n  =  —1.    Tlie  zone  equa- 

-r-  m 

tion  then  becomes  r  = r,  the  values  of  r  beinir 

m — 1'  " 

positive  between  ^  :  —  1  :  1  and  1  :  —1  :  rt  i,  and 

negative  between  1  :  —  1 :  ±   i  and   i  :  —  1  :  —  1. 

The  successive  planes  are  f:  —1:2;  f:  —1:3; 

:-l:4;    1  : -1  :  ±  i  ;    |:-l:-4;    8:-l:-3;    !i  : -1  : -2,  et& 


u 
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th  figures  233  and  234  are  illustrations  of  this  zone. 

If  the  studeDt  wiU  select  a  variety  of  exampleB  of  zodos  from  the  figures  in  the  descriptive 
part  of  this  work,  and  will  apply  the  zone  equation  as  given  above  to  them,  paying  special 
attention  to  the  signs  of  the  parameters  of  each  plane,  he  wiU  soon  find  that  the  apparesi 
difficolties  of  the^ubject  disappear. 

BXHIBITION  OF  THB  ZONB-BELATIONS  OF  DIFFERENT  PLANES  BY  MEANS  OF  METHODS  OF 

PBOJECTION. 

The  relations  of  the  different  planes  of  a  crystal  are  to  some  extent  exhi- 
bited graphically  in  such  figures  as  have  been  already  given.  Other  meth- 
ods, however,  are  used  which  have  special  advantages.  The  two  raost 
important  are  briefly  mentioned  here. 

1.  QiienstecU^ 8  method  of  projection. — In  this  method  the  planes  of  a 
crystal  are  projected  upon  a  horizontal  plane,  usually 
that  of  the  base  {O).  Every  plane  is  regarded  as  pass- 
ing through  the  unit-length  of  the  axis  which  is  taken 
as  the  vertical ;  these  planes  consequently  appear  as 
straight  lines  intersecting  each  other  on  the  plane  of 
projection. 

The  following  are  examples.  In  f.  235,  of  galenite, 
there  are  present  the  planes  of  the  cube,  octahedron, 
dodecahearon,  and  tetragonal  trisc-^ctahedron  J-|.  In 
the  projection  (f.  236)  the  plane  of  the  paper  is  taken 
as  that  of  the  cubic  plane,  toe  two  equal  latei'al  axes  {a) 
are  shown  in  the  dotted  lines,  and  the  vertical  axis  is  perpendicular  to  the 
plane  of  the  paper  at  their  point  of  intersection.  Any  arbitrary  length  of 
the  lateral  axes,  as  oa,  is  taken  as  the  unit.  One  of  the  cubic  planes  coin- 
cides with  the  plane  of  the  paper,  and  the  othera,  since  they  are  supposed 
to  pass  through  the  unit  point  of  the  vertical  axis,  coincide  with  the  projec- 
tions of  the  lateral  axes,  and  are  marked  H^  H. 

The  octahedral  planes  (1)  appear  as  lines  connecting  the  unit  lengths  of 
the  equal  lateral  axes ;  of  the  aodecahedral  planes,  four  pass  each  thi'ougb 
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the  extremity  of  one  lateral  axis,  and  parallel  to  the  other,  and  four  others 
are  diagonal  lines  passing  through  the  centre ;  they  are  marked  i  in  the 
figure.  The  o^her  planes,  |-f ,  when  passnig  through  the  unit  point  of  the 
vertical  axis,  are  represented  hy  the  symbols  1  :  f  :  1,  and  1  :  1 :  i,  and 
1 :  f  ;  f ,  in  the  fii-st  quadrant,  and  similarly  in  the  other  three. 


236 


237 


The  projection  of  the  first  of  these  planes  is  the  line  joining  the  points  x 
(oB  =  f  of  ca')and  a* ;  that  of  the  second  plane  is  tlie  line  joining  the  points 
a'  and  y  (oy  =  f  of  car);  that  of  the  third  plane  is  the  line  joining  the  points 
z^  and  2*  (cs'  =  es  -  f  of  ca).  The  same  method  is  followed  in  the  other 
quadrants,  the  twelve  lines,  lightly  drawn,  in  the  figure  are  the  projections 

of  the  twelve  corresponding  planes  of  the  rorni  |-|. 

Fig.  237,  238,  give  another  example  (topaz)  from 
the  ortliorhombic  system.  The  dotted  lines,  as  before 
(f,  238),  show  the  lateral  axes  on  whicli  tlie  relative 
unit  lengths  of  b  and  d  belonging  to  this  species  have 
been  marked  off  {b  =  1.892,  d  =  1).  The  four  lines 
passing  through  these  unit  points,  a  and  5,  are  the  pro- 
jections of  the  unit  octahedron  1.  The  unit  |>nsn»,  /, 
is  projected  in  lines  parallel  to  these,  and  passing 
through  the  centre.  The  pi-ism  i-5  also  passes  thix)ugh 
the  centre,  but  the  direction  is  that  of  a  line  joining 
the  unit  length  of  the  axis  b  with  two  times  that  of  d. 
The  symbol  of  the  octahedron  |(  =  Jc  :  J :  a),  becomes^ 
on  supposing  the  plane  to  pass  through  the  unit  point 
of  the  vertical  axis  ^ :  f^ :  |tz,  and  it  is  consequently  projected  in  the  linef 
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joining  the  points  t  {ct^^  of  <jJ),  and  «  (c«  =  f  of  oa\  The  symbol  of  the 
plane  fi{=^:h:  2a)  becomes,  on  the  same  condition,  c  i^o  :^,  and  its 
projection  lines  consequently  connect  the  points  t  {ct  ^^i  oi  6b)  and  u  {cu 
=  f  of  ca).  The  same  method  is  followed  in  the  other  systems ;  in  the 
hexagonal  there  are  on  the  plane  of  projection  three  equal  lateral  axefl 
cutting  each  other  at  angles  of  60°. 


It  will  be  seen  from  these  examples  that  planes  in  a  zone  all  pass 
through  the  same  point  of  intersection;  as  inf. 234,  Oj  |-f,  1, i(a«),and, 
f.  237,  /,  t-2,  iri  (c)  ;  this  is  also  true  mathematically  of  the  planes  O,  1,  f , 
/,  whose  projections  are  parallel.  This  principle,  which  follows  immediately 
from  the  fact  stated  above  that  planes  in  a  zone  have  a  common  ratio  for  two 
of  the  axes,  is  very  important  If  a  given  plane  lie  in  two  zones  its  pi-ojection 
must  necessarily  pass  through  the  two  points  of  intersections  which  belong 
to  each  of  these  respectively,  and  consequently  its  position  is  determlneo. 
The  plane  on  f.  237  which  has  no  written  symbol  for  instance,  lying  in 
the  zone  with  f  and  f ,  and  the  zone  with  1  and  |-5,  must,  when  projected, 
pass  through  the  intersection  point  (f.  238)  8  of  tlie  former  zone,  and  also 
through  V  that  of  the  second  zone.  The  plane  itself,  then,  is  one  which 
meets  the  vertical  axis  at  its  unit  length,  the  axis  b  obviously  at  an  infinite 
distance,  and  the  axis  a  at  a  distance  f  of  its  unit  length  ;  hence,  the  sym- 
bol is  o:  cob  :  ^a^  or  |c  :  oo  5  :  a  (|-i)  in  the  form  it  is  usually  written.  In 
many  cases  the  ratios  of  the  lateral  axes  are  obvious  at  siijht,  as  here  ;  in 
every  case,  however,  the  position  of  the  zonal  point,  and  of  tlie  two  ix>int8 
of  intersection  on  the  axe^,  admits  of  exact  determination  bv  a  series  oi 
simiMe  equations. 

These  equations  it  is  unnecessary  to  add  here;  reference  fi;r  them  maj 
be  made  to  Qucnstedt's  Crystallography,  or  that  of  Klein,  mentioned  on 
p.  59.  This  method  is  of  so  general  use  and  of  so  easy  application  that 
every  student  should  be  familiar  with  it.  Its  advantages  are  that  it  leada 
to  a  clearer  comprehension  of  the  relations  of  the  different  forms,  showing 
immediately  all  the  zones  in  which  they  lie,  and  in  many  cases — with;>nt  thile 
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use  of  equations — Buifices  to  determine  the  symbols  of  an  unknown  plane^ 
and  that  more  simply  than  by  the  use  of  the  zonal  equation.  The  general 
principles  contained  in  the  method  have  been  made  by  its  proposer  (Quen- 
stedt)  the  basis  of  an  ingenious  and  philosophical  system  of  Ui*y8talloj^r«/>ny 
(Qrundriss  der  bestimmendcn  und  rechneuden  Krystallographie  vou  b'r. 
Aug.  Quenstedt,  Tubingen,  1873). 

2.  Spherical  projection  of  Neumann  and  MUler. — In  tliis  subject,  as 
viewed  by  Miller,  a  crystal  is  situated  within  a  sphere  so  that  the  centres  of 
the  two  coincide.  If  now  perpendiculars,  or  normals,  be  drawn  from  this 
centre  to  each  plr.ne,  and  be  produced,  they  will  meet  the  surface  of  the 
sphere,  and  these  normal  points  will  determine  the  position  of  each  plane. 
If,  then,  this  sphere  is  regarded  as  projected  upon  a  liorizontal  plane  it  will 
appear  as  a  circle,  and  the  various  normal  points  will  occupy  each  its  pro- 
per position  on  or  within  this  circle.  This  will  be  made  more  clear  by  an 
example.  If  the  crystal  (f.  237)  be  supposed  to  occupy  the  centre  of  a 
sphere,  and  if  the  terminal  plane  coincide  with  the  plane  of  the  paper,  a 
normal  to  the  plane  0  will  meet  the  sphere  of  projection  at  the  central 
point  (f.  239) ;  the  planes  i-i  at  the  points  indicated,  and  so  of  the  other 

planes  1,  f,  i-2,  etc. 

Two  principles  here  are  of 
fundamental  importance:  Ist,  all 
planes  of  a  zone  have  their  nor- 
mals in  the  same  great  circle,  as 
irl^  f ,  |-i,  etc. ;  and  2d,  the  an- 
gles between  these  normal  points 
are  the  supplements  of  the  an- 

fles  between  the  actual  planes, 
'hese  having  been  stated,  it  will 
be  clear  at  once  that  the  calcula- 
tion of  the  angles  between  dif- 
ferent planes,  t.^.,  their  normals, 
becomes  merely  a  matter  of  solv- 
ing a  series  of  spherical  triangles 
in  which  some  parts  are  given 
and  others  obtained  by  calcula- 
tion. Upon  this  basis  a  system 
of  crystallogi-aphy  was  construct- 
ed by  Miller  in  1839,  which,  as  further  developed  by  Grailich,  Schrauf, 
von  Lan^  and  Maskelyne,  has  every  advantage  over  that  of  Naumanii 
in  the  matter  of  facility  of  calculation  as  in  some  other  even  more  impoil- 
ant  respects. 

The  method  of  conscraction  of  the  circle  of  projection,  for  a  given  crystal,  is  in  most  casei 
Teiy  simple.  The  position  of  the  crystal  is  commonly  so  taken  that  the  prismatic  zone  in 
represented  by  the  circumference  of  the  circle,  and  the  position  of  the  normal-points  of  all 
prismatic  planes  Ue  upon  it.  The  normal-points  of  the  pinacoid  planes  are  at  90^  from  one 
another  (the  macropinacoid  is  not  present  on  the  cr^'stal,  f .  2B7).  The  two  corresponding 
diiuneters,  at  right  angles  to  each  other,  which  are  properly  the  projections  of  two  great  cir- 
dies,  intersect  at  the  centre  the  normal-point  of  the  basal  plane,  0 ;  these  diameters  repre- 
sent respectively  the  macrodome  (m-l)  and  brachydome  (//i-i)  zones  of  planes.  The  several 
positions  of  the  normal-points  of  the  prismatic  planes  are  determined  by  laying  off  the  f<ap- 
plement  angles  of  each  with  »  protractor ;  that  of  »-2  is  43''  35',  and  of  /,  62''  8i\  from  the 
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aonnai-pomt  of  i-i.  The  lin^s drawn  between  ikS,  0,  and  ^2  (behind),  and  7,  0,  /(behind) 
represent  the  zones  of  the  m-i  and  m  pyramids  respectively.  The  positi(m  of  the  normal- 
points  of  a  dome  or  pyramid  upon  its  respective  zonal  line  (great  circle)  is  formed  by  laying 
off  from  the  centre  a  distance  eqnal  to  the  tangent  of  half  the  supplement  angle  of  the  given 
plane  on  0,  taking  the  radius  as  unity.  For  example,  0  a  |-i  =  126^  27%  hence  the  position 
of  the  required  normal-point  will  be  about  ^  (.5046)  of  the  radius  measured  from  0. 

It  is  in  general  necessary  to  determine  in  this  way  the  normal-points  of  but  very  few  ol 
the  planes,  since  those  of  the  others  are  given  by  the  zonal  connection  between  the  planes. 
Thus  in  this  case,  having  determined  in  the  way  explained  the  positions  of  the  points  i-i,  t-2, 
/,  and  |-i,  no  further  oedculation  is  needed ;  the  point  of  intersection  of  the  great  circle 
joining  t-i,  jf-i,  and  I'-i,  and  that  joining/,  0,  /,  is  the  normal- point  of  f ;  also  the  point  of 
intersection  of  the  great  circle  i-2,  f4,  »-2  with  /,  0,  /,  is  the  normal-point  of  1,  and  with 
^■2,  0,  »-2  that  of  f-2. 

The  method  explained  is  the  same  for  all  the  orthometrio  systems ;  for  the  cllnometric  sys- 
tems the  same  principle  is  made  use  of,  though  the  application  is  not  quite  so  simple,  since 
the  basal  plane  does  not  fall  at  the  centre  of  the  circle. 

In  the  system  of  Miller  the  general  form  of  the  symbol  is  AA^,  in  which  A,  k,  and  {  are 
always  whole  numbers,  and,  the  reciprocals  of  Naumann^s  symbols.  To  translate  the  latter 
into  the  former  it  is  only  neoessazy  to  take  the  reciprocals  and  reduce -the  result  to  three 
whole  numbers  and  write  them  in  the  proper  order.  In  general,  for  m-n  {me  :  7ib  :  a), 
h  :  k  :  1  =  mn  :  m  :  n,  the  latter  expression  being  written  in  its  simplest  form,  and,  if  neces- 
sary, fractional  forms  must  be  reduced  to  whole  numbers  by  multiplication.     Conversely, 

A  A  A         A 

from  hkl  is  obtained  m=  r*  '^  =  r.i  <^^  hence,  "t  ~~  t  =  ^^'^'  ^^^  applies  to  all  the  sys- 
tems except  the  hexagonal,  where  a  special  process  is  required.    See  Appendix  (p.  441). 

Methods  of  Oaloulation. 

In  mathematical  crystallography  there  are  three  problems  requirinir 
solution :  Ist,  The  determination  of  the  elements  of  the  crystallization  of 
a  species,  that  is,  the  lengths  and  mutual  inclination  of  the  axes ;  2d,  The 
determination  of  the  mutual  interfacial  angles  of  like  or  unlike  known 
planes ;  and  3d,  The  determination  of  the  symbols,  that  is,  values  of  the 
parametei's  m  and  n  for  unknown  planes. 

This  whole  subject  has  been  exhaustively  discussed  by  Naumann  in  his  several  works  on 
eiystaUography.  (For  titles,  see  p.  iv.)  The  long  series  of  formulas  deduced  by  him  oovez 
almost  every  case  which  can  arise.  In  the  present  place  the  matter  is  treated  briefly,  since 
for  aU  ordinary  problems  in  crystallography  the  amount  of  mathematics  required  is  very 
small.  This  is  especially  true  in  view  of  the  fact  that  a  large  part  of  unknown  planes  can 
be  determined  by  the  zonal  equation  already  given.  When  complicated  problems  do  arise, 
the  methods  of  spherical  trigonometry  (based  on  the  spherical  projection  of  MiUer)  offer,  in 
the  opinion  of  most  crystallographers,  the  simplest  and  shortest  mode  of  solution.  It  is  be* 
lieved  that  the  student  who  has  mastered  the  elements  of  the  subject,  after  'the  method  of 
Naumann  here  followed,  will,  if  he  desire  to  go  further,  find  it  to  his  advantage  to  turn  to  the 
system  of  Miller,  referred  to  on  p.  58  (See  also  Appendix. )  The  formulas  given  under 
the  different  systems  in  the  following  pages  are  mostly  those  of  Naumann,  and  it  has  been 
deemed  desirable  to  explain  at  length,  in  mo9t  cases,  the  methods  by  which  these  formulas 
are  deduced.  If  the  student  wiU  follow  these  explanations  through,  he  wiU  find  himself  in 
a  position  to  solve  more  difficult  problems  invohing  similar  methods.  Spherical  triangles 
are  employed  in  most  cases,  as  early  used  by  Hausmann  (1813),  by  Naumann  (1829),  and 
others ;  and  carefully  explained  by  Von  Kobell  in  1867  (Zur  Berechnung  der  Krystallformen). 
The  same  methods  have  been  elaborated  by  Klein  (Einleitung  in  die  KrystaJlberechnung, 
Stuttgart,  1875). 

THB  BATIO  OT  THE  TANQBITTS  IN  BBCrTANGULAB  S50KB8. 

Tangent  principle. — In  any  rectanffular  zone  of  planes,  that  is,  a  zoiiu 
lying  between  two  planes  at  right  angles  to  each  other,  one  of  them  being 
a  diametral  plane,  the  tangents  of  the  supplement  angles  made  with  tliie 
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diametral  plane  are  proportional  to  the  lengths  of  the  axis  corresponding 
to  it. 

Examples  of  rectangular  zones  are  afforded  by  the  zones  between  i-i  and 
f^ij  also  J  and  <?,  f .  130,  and  /  and  O,  in  f .  208 ;  still  again  between  /  and 
O,  in  f.  ,167 ;  /  and  O,  also  {-2  and  O,  in  f .  150.  In  f.  217,  the  zone  be- 
tween i'i  and  i-l,  and  0  and  t-i,  as  also  the  zones  between  i-i  and  any  one  of 
the  orthodomes,  are  rectangular  zones,  but  not  the  zones  between  the  basal 
and  vertical  planes  (except  i-i),  nor  those  between  i-i  and  a  clinodonie. 
The  truth  of  the  above  law  is  evident  from  the  accompanying  figures. 

If  the  angles  between  the  planes  ^,  ^,  ^  (f.  240)  and 
the  basal  plane  0  ai*e  ^ven,  their  supplements  are  the 
angles  wita  the  basal  diametral  sectiou  a},  a^,  a*,  respec- 
tively (f.  241).  The  tangents  of  these  angles  are  the 
respective  lengths  of  the  vertical  axis,  corresponding 
to  each  plane,  as  seen  in  the  successive  triangles.  In 
each  case  we  have  h  tan  a  =  c,  and  hence,  tan  a}  :  tan 
a?  :  tan  a*  =  c^ :  c* :  A 

By  the  law  stated  on  p.  10,  the  ratio  of  the  axes  must 
have  some  simple  numerical  value.  In  other  words,  if 
c^  be  taken  as  tne  unit,  c*  and  <?  must  bear  some  simple 
ratio  to  it  (denoted  generally  by  m).  In  general,  if  a\ 
a^j  cP  are  the  supplement  angles  of  three  planes  of  a 
vertical  zone  upon  a  basal  plane,  then, 

tan  a* :  tan  a?  :  tan  cf  =  7)i^c  :  rri^c  :  rn^c  z=  m}  irn?  \  rrf. 

This  is  true  as  well  for  the  pyramidal  planes  p^,  j^,  jp^, 
and  the  domes  d}^  (P^  c^  (r.  240).  This  principle  is 
most  commonly  applied  to  a  vertical  zone,  where  the 
angles  on  the  basal  plane  are  known,  and  the  value  of 
ra  for  each  is  required  ;  it  applies,  however,  in  the  same 
way,  to  any  rectangular  zone. 

For  a  prismatic  zone,  if  the  supplement  angles  on  i-l 
are  given  =  7^  7*,  etc.,  then, 
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tan  7* :  tan  7* :  tan  rf  =z  ii^  :V  :l^  =z  n^ :  tv 


2 


n" 


Th«06  relations  may  perhaps  be  made  more  clear  by  a  little  farther 
explanation.  Suppose  a  plane  to  pass  through  the  vertical  axis  at 
T%ht  angles  to  the  g^ren  zone  0,  e\  e\  e%  and  intersecting  it  in  the 
dotted  line  (see  also  f.  241).  A  similar  section  may  be  made  with  the 
planes  d\  d\  d",  or  with  p\  p%  p\  From  the  section  (f.  241),  the 
^^'^U  relation  of  the  vertical  axes  to  the  tangents  of  the  basal  angles  is  at 
once  obvious.  It  wiU  be  seen  here  that  a^^  a*^  etc. ,  are  not  only  the 
supplements  of  the  interfacial  angles  measured  on  0,  but  are  alno 
equal  to  the  angles  measured  on  i-i  diminished  by  OO**,  and  this  is  true  in  general.  It  will 
be  also  seen  that  the  angles  a\  a\  et<x,  may  be  obtained  from  the  angles  of  the  planer 
measured  on  each  other.  Thus,  given  «»  a  0  =  ISO**— a>,  and  given  «'  A«*,  obviously  a*  (sup  • 
plement  of  ^A  0)  =  a>  +  (180»  -  e^Ae"). 


vat  OF  SPHBRtOAL  TRtOONOKBTBT. 


The  use  of  a  spherical  triangle  often  simplifies  very  much  the  operatioii 
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lif  ealcnlatin^  the  various  angles  and  axial  ratios.    The  following  example 
will  exerapliiy  the  principle  involved.     Fig.  242  represents  a  square  octa- 
hedron of  zircoii.    If  we  take  the  front 
solid  angle  of  the  octahedron  as  a  cen- 
tre, and  from  it  imagine  three  arcs  to 
be  described  with  any  radius — one  on 
the  octahedral  plane  BAy  another  on 
the  basal  section  CA,  and  a  third  on 
the  diametitil  section  CBy  it   is  evi- 
dent that  a  spherical  triangle  will  be 
formed.     In  other  words,  tlie  point  a 
is   imagined   to  be  the   centre   of  a 
sphei-e  and  the  triangle  ABO  is  that 
portion  of  its  surface  included  between  the  three  planes  in  question.     . 
In  this  triangle  (f .  243)  the  successive  parts  are  as  follows : 

G  =  the  angle  b^tween  the  basal  and  vertical  diametral  sections ; 
here  90^ 

a  =  the  inclination  of  the  veitical  edge  on  the  lateral  axis. 
B=^  the  semi-vertical  angle  of  the  octahedron  (=  ^X). 

h  (the  hypothenuse)  =  the  plane  angle  of  the  octahedral  face. 
A  =  the  semi-basal  angle  (=  ^Z). 

b  =  the  inclination  of  the  basal  edge  on  the  lateral  axis. 

[n  the  case  given,  h  =  45"*,  since  in  this,  the  tetragonal  system,  the 
lateral  axes  are  equal  and  the  basal  edge  makes  an  angle  of  45°  with  each. 
Now  if  either  A  or  B  (that  is,  -iTor  Z)  is  given  by  nieH>*nrenient,  two  parte 
in  the  triangle  will  be  known  and  the  othere  can  be  jct  lily  calculated  as 
they  may  be  required.  Other  examples  will  be  found  in  the  pages  which 
follow. 


In  the  majority  of  oaaes  the  spherical  triangles  obtained  in  the  manner  described  are 
right-angled,  and  the  problems  resolve  themselyes  into  the  solution  of  right-angled  spherical 
triangles.  In  performing  these  operations  practically,  the  student  may  be  assisted  by  the 
foUowing  graphic  method  (used  by  Prof.  Cooke,  of  Harvard  Uniyersity).  It  is  baaed  npou 
Napier^B  rules,  which  are  familiar  to  every  student : 

In  a  right-angled  spherical  triangle  the  sine  of  any  part  is  equal  to  the  product  of  the 
ooaiues  of  the  opposite  parts,  or  the  product  of  the  tangents  of  the  adjacent  parts.  Here  it 
is  to  be  remembered  that  for  the  two  angles  and  hypothenuse  the  complements  are  to  be 
taken. 

The  problems  are  represented  graphioaUy  as  f oUows :  In  the  case  given,  suppose  that  the 
basal  angle  (Z)  on  the  given  octahedron  has  been  measured  and  found  to  be  84**  19'  46",  that 
is,  the  angle  A—\Z=  42''  0'  58%  and  hence  00«  -A  =  47'  60'  7'.  Then  the  parte  of  the 
triangle  may  be  written,  commencing  with  0^ 


b(45^) 


W  {0) 
(90^  -  A) 


(90«--9) 


(90«  -  h). 


If  ^  is  required,  we  have  (for  dxoon)  sin  {W  —  ^>  =  cos  45''  x  oos  47<'  MK  7' ; 
whence  B=QVS9'4t7\ 

and  the  verfcioal  angle  (X)  ia  128''  19'  34'. 

AlM^  rin  45*  1=  tan  a  X  tan  47*  50' 7% 

^     tan  a  =s  0.640378  =  6,  the  Tertioal 
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For  oonvenienoe,  some  of  the  more  important  fonnalae  for  the  sdlutioit  of  aphetlMl 
triangles  are  here  added. 


In  spherical  right  triangles  0  =  00^. 

8^4  =  "!"^ 
sin  A 

sm  Ji  ^=^  .    , 
sm  A 

Cos  A  =  ; r 

tanA 

^     tana 

cos  B  =  r £ 

tan  A 

„      ^      tana 

tan  h 

tani?=7^ 

sm  a 

oos  b 

,            oobA 

am  B= 

oos  a 

cos  A  S 

cos  a  cos  b 

oos  A  = 

cot^oofe  ^ 

• 


In  oblique-angled  spherical  triangles : 

(1)  Sin ^:sinP=8ina:8in&; 

(2)  Cos  a  =r  oos  b  cos  0  +  sin  6  sin  0  oos  A 

(3)  Cot  ^  sin  c  -=  006  c  cos  ^  +  sin  ^  cot  ^ ; 

(4)  Cos  A=  -■  cos  B  COB  (7  +  sin  j&  sin  0 oos  a. 

In  calcolation  it  is  often  more  conyenient  to  nse,  instead  of  the  latter  formulas,  thooa 
especially  airanged  for  logarithms,, which  will  be  foond  in  any  of  the  many  books  devoted 
to  mathematical  formulas. 

Cosine  formula. — General  equation  for  the  inclination  of  two  planes  in 
the  orthoraetric  syBtems, 

Representing  the  parameters  of  any  plane  by  c  :i  :  a,  and  also  of  any 
other  plane  by  </ :a  :  a\  and  placing  IF  for  the  supplement  of  their 
mutual  inclination, 

aa'bh' + a/aa^ + bb'c& 


CosTr=  - 


i^ia^H" + cV-f  b\»)  i/ia^"^ + c'«a'» + b'^G'^ 


In  using  this  equation,  the  actual  values  of  the  parameters  are  to  be  sab- 
stituted  for  the  letters.  For  the  planes  m-n^  m!'n\  in  the  same  octant,  in 
which  the  parameters  would  be  mc  :  nb  :  a,  and  m^o  :  n'b  :  a, 

moy  nb,  a  are  substituted  severally  for  Oj  by  a, 
7nfo,n%a  "  "         "(/,&',«'. 


L  Isometric  Systebl 

The  equality  of  the  axes  in  the  Isometric  system  makes  it  unnecessary  to 
consider  them  in  the  calculations.  The  most  commonly  occurring  prob- 
lems are  the  determination  of  the  symbols  in  the  varions  forms,  i-n,  m^ 
mrm^  m-n  (f.  51,  64,  65,  69^.  These  cases  will  be  considered  in  succession. 
In  all  but  the  last,  but  a  single  measurement  is  necessary. 

1.  Form  i-n,  tetrahexaJiearon. — The  edges  are  of  two  kinds  (p.  18),  aa 
A  aiid  O  in  f.  244 ;  a  measurement  of  eitfier  is  sufficient  to  determine  the 
value  of  n.      {a)  Given  the  angle  of  the  edg«   A.     Supp:)se  a  plane  tc 
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[ms  through  the  edge  A  and  the  adjoining  axis,  ac^  also  a  seccmd  j»lane 

tlirough    the    two  lateral   axes,   and   imagine   a  spherical   triangle  eon- 

Btmcted,    as    explained  on   p.  61. 

This  triangle  (see  f.  244a)  is  right  244 

angled  at  (7,  and  the  other  angles 

are  ^JL,  (half  the  measured  angle  of 

the  crystal)  and   45°,  respectively. 

Hence,  if  v  is  the  inclination  of  the 

plane  on  the  lateral  axis,  aCy 


COS  y  =  cos  iA  v'2, 

and  tan  p=^na  =  n. 

{h)  Suppose  the  angle  of  the  edge  O 

to  he  given.     In  the  plane  triangle 

{abc)  of  the  section  in  f.  244,  iO  -h 

45°  4-  I'  =  180°,  or   i^  =  135°-  iO^ 

and,  as  before,  tan  v  =  n.     If  the  angle  of  two  opposite  planes,  meeting  at 

tlie  extremity  of  an  axis,  were  given,  half  this  angle  would  be  the  angle  v. 

For  a  series  of  tetrahexahedrons  the  tangent  law  may  be  applied,  since 

the}'  form  a  zone  between  two  cubic  planes ;  the  dodecahedron  falls  in  this 

zone,  being  a  special  case  of  the  tetrahexahedron  where  n  =  1.     The  angle 

between  a  plane  i-;i  and  the  adjoining  cubic  face  (ZT)  is  equal  to  i;  +  90°, 

hence,  cot  H  =  n, 

2.  Form  m,  trigonal  trisoctaJiedron, — The  edges  are  of  two  kinds,  A 
and  JS.  {a)  If  the  angle  over  B  is  given,  suppose  a  diagonal  plane  to 
pass  through  the  vertical  axis  and  the  edge  -4, 
meeting  the  planes,  as  indicated  in  the  ligure. 
A  right-angled  plane  triangle  is  formed,  of  which 
the  basal  angle  is  equal  to  ^B^  and  the  base  is 
the   diagonal   line  x.       Then  x  tan   ^B  =  the 

vertical  side  of  the  triangle  (ma),but  x  =  Vi  when 

a  =  1,  whence  tan  iBV^  =  ma  or  m.  {b)  If 
tho  given  angle  is  that  of  the  edge  Ay  place 
a  spherical  triangle  (ma),  as  indicated  in  the 
figuie.  In  this  triangle  0=  90^  (for  the  diagonal 
plane  is  perpendicular  to  the  plane  m),  and  the 
other  angles  are  respectively  ^A  (half  the  mea- 
sured angle)  and  60°;  hence,  the  side  opposite 
iA  (=  the  angle  p)  is  obtained.  Further,  the 
angle  of  the  two  dotted  diagonals  (the  octahe- 
dral and  dodecahedral  axes)  is  35°  16'  (p.  16), 
whence,    iB  =  144°  44'  —  />,    and,   as    before, 

tan  iBViz=m,     See  further  the  foUowhig  case.     The  general  equal ioiia 
are  thus : 

(a)  tan  iBV^=^m. 

(b)  C50S  /)  =  2  COB  iAVi ;    iB  =  144°  44'-/). 


3.  Form  m-7/i,  tetr 
the  edge  B  is  given 


^agonal  trisoGtahedron.^^\\p\>oae  (a)  that  the  angle  of 
I.     In  the  spherical  triangle  1,  in  f .  246,  O  =  90  ,  and 


64  OIITBT.llJX>OBAPHT. 

eavb  of  the  other  angles  equals  i£.  Hence,  one  o£  the  equal  sidei 
(=  anglo  v)  is  obtained,  and  tan  v  =  m.  (b)  If  the  angle  6'  is  given, 
„,a  the  triangle2,in  f.246,iBenii»loved, 

here  one  angie  is  =  90°,  a  second 
=  fiO",  and  tlie  third  =iC,  half 
the  measured  angle  of  the  edge  O. 
Tlie  side  of  the  triangle  =  tlie  anjrlu 
p  IB  ualculatod,  and,  as  in  tlie  preced- 
ing case,  f  =  144°  ii'—p,  tlieii  vi+  1 
=  tan  f  Va. 

Tiie  planes  t/i-m,  1,  m,  foi-m  a 
zone  l>etween  the  eiibic  and  dodeca- 
hedral  })IanG8  as  f.  461,  p.  244,  to 
which  the  tangent  law  maybe  often 
conveniently  applied.  The  fonn  m 
passes  into  the  octahedron  1  when 
fn  =  1,  and  when  m  is  less  than 
unity  it  becomes  m-m,  as  explained 
oil  p.  17. 

Since  these  planes  form  a  rectangular  zone  the  tangent  of  the  supple- 
ment angles  between  them  and  a  cubic  plane  are  propoi'tional  to  the  values 
of  Tft  for  the  given  forms  j  only  by  applying  this  principle  for  m-m,  the 

index   -   (=  —  :  1  ;  1)  will    be    obtained,  wliicli  is  equivalent   to   m-m 

{=1  :m:  m). 
The  general  equations  for  the  form  mrta  are : 


COB  V  =  cot  \B ;  tan  i»  =  t/i. 

co8/>  =  coti(7Vl;  Jr=144''44'-/);  tan  {VS  =  f»  +  1. 

^'  4.    Form  m-n,  hexnctakedton. — The  edges  of 

the  hexoctabedron  ai-e  of  three  kinds,  A,  B,  C 
(f.  247),  and  two  meflsiircinGnts  are,  in  genei-al, 
needed  in  order  to  deduce  the  values  of  m 
and  n. 

{a)  Given  A  and  B.  In  the  oblique-angled 
spherical  triangle  I  (f.  247),  the  three  angles 
are  ^A,  iB,  and  46°.  In  this  triangle,  the 
side  opposite  iA  {=  angle  v)  is  calculated,  and 
fmm  it  are  obtained  the  values  of  m  and  », 
as  follows : 


_  cos  jA '/  2  -h  cos  ';  -g  _ 
sin  iB  ' 


tan  iB  sin  v  =  tn ;  tan  v 


(J)  Given  A  and  O.  In  the  oblique-angled  triangle  II  (f.  247),  the  thiee 
ftugles  are  equal  respectively  to  iA,  iC,  and  60°  The  side  opposite  iA 
(=  angle  p)  is  calculated.  But  the  angle  between  the  diagonals,  that  is, 
the  octahedral  and  dodecahedi-al  axes,  is  35°  16',  and  the  third  angle  of 
the  triangle  is  ^,  the  mclination  of  the  edge  G  on  the  dodecabedral  asia ; 
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hence,  J  =  1 44°  44'— p.  Again,  in  the  right-angled  triangle  III  (f .  247),  one 
angle  =  iC\  nnd  the  adjacent  Bide  =4^  whence  the  other  side,  S  (the  in- 
clination of  the  edge  JB  on  the  dodecahearal  axis),  is  obtained  ;  v  =135°—  S. 
and  from  this,  as  abr)ve,  and  from  the  angle  />,  are  deduced  the  values  oi 
n  and  n.    The  formulas  are : 

^^^2co8i^+co6i6^,  f=144°44'-p;  tan  S  =  sin  f  tan  i(7 
sin  ^O  V  3 


V  =  135°—  S ;  tan  i;  =  /i ; 


n 


V^2 


n  +  l 


tan  f  =  m. 


{c\  Given  B  and  01  K  the  riffht-angled  triangle.  III  (f.  247),  the  twc 
anfflcs  are  given,  equal  respectively  to  \B  and  i&  From  the  triangle  is 
deduced  tlie  side  opposite  ^C  (=  angle  S  defined  before),  and  from  it  is 
obtained  i/,  and  from  v  and  ^B^  the  values  of  m  and  n,  as  in  the  fii*st  case. 
The  formulas  are : 


C06 


8  =  -. — f^ ;  V  =  135°—  S ;  tan  i/  =  n;  tan  iB sin  i;  =  m. 


m 


248 


If,  instead  of  m-n,  the  form  is  m -.  only  one  measurement  is  needed, 

and  the  process  is  simplified. 

When  the  angles  of  any  plane  m-n  on  two  cubic  planes  are  given,  their 
Bnpplementa  wul  be  the  angles  of  the  plane  upon  the  corresponding 
diametral  sections,  and  from  them  the  values  of  m-n  may  be  readily  calcu- 
lated. Thus  (in  f .  248),  the  angles  of  a  given  plane  on  a  cubic  plane  at 
a"  will  be  the  supplement  of  its  angle  upon  the 
section  a'a',  that  is,  the  angle  B  in  the  spherical 
triangle ;  similarly,  the  angle  of  a  cubic  plane  at 
a'  will  be  the  supplement  of  its  angle  on  the 
section  aW,  the  angle  A  in  the  spherical  triangle. 
In  this  same  triangle  C  =  90°.  Hence,  the  sides 
opposite  A  and  B^  that  is,  the  inclinations  of  the 
two  edges  on  the  adjacent  axis,  may  be  calculated, 
and  this  axis  being  equal  to  unity,  tlieir  tangents 
will  give  the  corresponding  lengths  of  the  other 
axes.  These  lengths  may  not  be  the  values  of  m 
and  n  in  the  form  in  which  the  symbol  is  generally 
written,  where  the  unit  axis  is  always  the  shortest, 
but  the  latter  are  immediately  deducible.  For  ex- 
ample, if  the  angles  here  mentioned  for  the  plane  numbered  4  (in  f.  247)  had 
been  measured,  the  values  of  the  axes  obtained  by  calculation,  when  the 
front  axis  is  the  unit,  would  be  ^  and  ^  respectively,  and  the  symbol,  hence, 
J  :  i  :  1,  which  is  equivalent  to  1 :  f  :  3,  or  m-n  =  3-f  for  the  general  fonn. 

Hemihedral  form%. — For  each  hemihedral  form  the  formulas  are  iden- 
tical with  those  already  given  for  the  corresponding  holohedral,  so  far  as 
the  edges  of  the  two  are  the  same.  For  example,  in  comparing  f.  69  and 
f.  87  it  is  seen  that  the  edges  A  and  G  are  the  same  in  both,  while  B  ol 
the  holohedral  form  differs  irom  B'  of  the  hemihedrah  The  formulaftro- 
6 
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quired  to  cover  tliese  additional  cases  are  giveu  below,  they  are  obtained 
in  a  manner  similar  to  those  in  the  preceding  pages. 

Form  i(m\  f.  85.     Given  £\ 

cos€  =  2co8i^Vi;  f=35M6'+€;  tan  f  Vi  =  m. 
Form  i(m-m),  f.  81.     Given  B". 

tan  iB'V2  =  m. 
Form  i(fnm\  f.  87.    {a)  Given  A'  and  B\ 

co&iB'  ^      cosi^'  V2  V2 

sm  iA  '  sm  4^  '  cot  a—  cot  p '  cot  o+oot  /:?. 

{h)    Given  if'  and  0^'. 

^^^2co8i^^+co8i6r^  C=35^16'+€;  cot  S  =  tan  iO' idn  ?. 

sin  \OWZ 

fi^2 
tan  (S  +  45**)  =  n:  — —r  tan  t=  m. 

n-f-l 

Form  i[i^],  f.  92.    Given  A'\ 

tan  iA''=  n. 

Form  [m-n],  f.  100.    (a)    Given  J.''  and  B'\ 

cos  i^''  ^  n  COS  i^" 

-, — 1-=;-  =  COS  v;  tan  1/  =  n ;  5^^  =  m, 

sm  i^"  '  cos  iB 

(J)    Given  ^"  and  O'' 

2cosJ(7VJ=8inO;  cosg  =  ^^^^^-^"^J^", 

sin^J."*  2 

tan  (46^  +  6)  =  m ;  sin  (45^  +  0)  tan  i^"=:  n. 

{c)    Given  ^"  and  C"'. 

o        ii^/^4/T        •    /^           5^      cos  6^ VS  -  cos  i^" 
2  cos  tc7"V  t  =  sm  C/ :  cos  0  =  — ,J    ■% 

*  '  Bini^'V2 

tan  (46**+  S)  =  n;  sin  (45**  +i)  tan  ^B'  =  m. 

The  various  combinations  of  holuhedral  and  hemihedral  forms  whioii 
may  occur  are  unlimited,  and  it  would  be  unwise  to  attempt  here  to  show 
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the  iretliods  of  vvorking  them  out.  It  is  only  necessary  to  remark  that  the 
sohition  can  geneitilly  be  readily  obtained  by  tlie  use  of  one  or  two  spheri- 
cal triangles  in  the  way  shown  in  the  preceding  cases. 

The  calculation  of  the  interfacial  angles  between  two  known  forms  can 
often  be  performed  by  the  formulas  already  given,  or  by  similar  methods 
For  the  more  general  cases,  refei*ence  must  be  made  to  the  cosine  formulai 
p.  62. 

Interfacial  Angles. — L  Hohhedral  Forme. 

The  following  are  some  of  the  angles  among  the  more  common  of 
Isometric  holohcdral  forms;  adjacent  planes  are  to  be  nnderetood,  unless 
it  is  stated  otherwise.  The  angles  Aj  J?,  C\  above,  are  those  over  the 
edges  so  lettei-ed  in  the  figures  referred  to  (see  pp.  15-19),  or  over  the 
corresponding  edges  in  related  forms : 


H/\  ir=90o,  f.  88 

Ha  1  =125  16,  t  40,41 

if  A   »  =135,  f.  43,45. 

fl- A  *-f  =  146  19 

if  A»-2  =  153  26,  f.  64 

H  A  »-3  =  161  84 

i/AH  =  138  19 

ifAil  =  18«  45 
//A  2-2  =  144  44,  f.  65 
11 A  3-3  =  154  46 
//Af,  ov.  1,=  115  14 
^a2,     **     =109  28,  f.  52 
Z/  A  3,     **     =108  16 
//A3-f  =  143  18,  f.70 
//  A  4-2  =  150  48 
//A  54  =  147  41 
I  A  1  =  109  28,  f.  42 
1  Al,  top,=  70  32 
1  A»  =  144  44,147 
1  A  H  =  143  11 
1  A  *-2  =  140  16,  t  67 
I  A  i-3  =  136  54 
1aH  =  168  41 


1  A  2-2  =  160'  82',  t  68 

1  A  8-3  =  150  80,  f.  57 

1  A  }=  169  49 

1  A  2  =  164  12,  1  58 

1  A  8  =  158 

1  A  3-}  =  157  45 

1  A  4-2  =  151  52 

1  A  5-}  =  151  25 

<  A  »  =  120  f.  45 

•  A»,  ov.  top,  =  90 
t  A  »-f  =  167  42 

|-  A  i-2  =  161  84,  f.  68 
t*  A  «-3  =  153  26 
t  A  2-2  =  150 

•  A  3-J  =  160  54 
f  A  8-8  =  148  31 

•  A  4-}  =  166  6 

%  A  5-J  =  162  58i 
2-2  a2-2, -ff,=  131  49,  £54 
2-2  A  2-2,  (7,=  146  27 
2-2  A  2-2,  ov.  top, =109  28 
8-3  A  8-8,  B,=  144  54,  1  61 
8-3  A  3-3,  C7,=  129  31 


H  A  i-J,  ^,=  138M9' 

i-l  A  i'h  6',=  157  23 

^2  A^2,  ^,=  143  8,  f.  65 

%r2  A  i-2,  C7,=  143  8 

»-2  A*-2,  ov.  top,=  126  58 

*-2  A  »-3  =  171  62 

i-2  A  2-2  =  155  54 

»-d  A  »-8,  i4,=  154  9.  f.  66 

1-3  A  »-3,  (?,=  126  52 

2  A  2,  ^,=  152  44,  f.  61 

2  A  2,  i?,=  141  3i 

8  A  3,-4,=  142  8 

8  A3,.i?,=  153  28i 

8-i,  A,  =  158  13,  f ,  69 

8-},  5,  =  149 

8-f,  C7.=  158  18 

4-2,  -4,=  162  15 

4-2,  ^,-154  47i 

4-2,  (7,=  144  8 

5- J,  A,-  152  20 

5-5,  i^,=  160  82 

5- J,  a,=  152  20 


II.  Hemihedral  Forms. 
The  following  are  the  angles  for  the  corresponding  hemihedral  forms : 


1  A  1  =  70°  82',  f.  76,  76a  8-8  A  8-3,  a,=  134'  2' 


J  A  f,  ^,=  162  39i 

}  A  h  B,=  82  10 

2  A  2,  il,=  152  44,  f.  85 

2  A  2,  5;=  90 

8  a8,  i4,=  143  8 

8  a8,  .B,=  99  5 
HaH,/^,=  93  22 
HaH.  C7,=  160  15 
22  A  2-2,  ^,=  109  28,  f.  81 
2*2  A  2-2,  6',=  146  26* 
88  A  8-3, 1?,  =  124  7 


8-1  A  8.f,  A,-  158  18,  f.  87 
3-^  A  8-J,  B,=  110  554 
3-?  A  3- J,  C7,=  158  13 
4-2  A  4-2,  ^,=  162  15 
4-2  A  4-2,  5,=  124  51 
4-2  A  4-2,  C7,=  144  8 

1-1  A  i-h  ^,=  112  87 

rf-lAi-J,  0;=117  29 

i-2  A  i-2,  il,=  126  52,  f.  92, 98  5-J  A  5-i,  (7,=  181  5 

i-2  A  »-2,  C,=  113  35 

i-8  A('-8,  A,=  143  8 


i-8  A  *-3,  C7,=  107'  27f 
4-2  A  4-2,  A  =128  15 
4-2  A  4-2,  5,=  154  47i 
4-2  A  4-2,  C\  =  131  49 
3-1  A  8.*,  ^,=  115  2:3,  f.  IOC 
8-f  a8-J,.B,=  149 
8-t  A8-i,  C,=  141  47 
5-}A5.f,^,=  119  3i 
5-i  a5.|, /?,=  160  82 


In  the  forms  t-f ,  i-2  (f.  92),  t-3,  t-4,  A  is  the  angle  at  the  l->nger  edgo^ 
and  C  that  at  either  of  the  others. 
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II. — Teteaoonal  System. 

In  the  Tetragonal  system,  as  has  been  fully  explained  (p.  30),  the  toneth  ol 
the  vertical  axis  is  variable,  and  must  be  determmed  for  each  speciefi.  If  the 
length  of  c  is  known,  then  it  may  be  required  to  determine  the  symbols  of 
certain  planes  by  means  of  measured  angles.  These  two  problems  are  in  a 
Pleasure  complementary  to  each  other,  and  the  same  metnods  will  give  a 
solution  to  either  case.  (For  figures  of  the  forms  see  pages  S^7  and  28.) 
The  calculation  of  the  interfacial  angles  can  be  peri^/rmed  by  similar 
methods  or  by  the  cosine  formula. 

1.  Form  m. — The  edges  are  of  two  kinds,  pyramidnl  X,  and  basal  Z. 
If  either  angle  is  known,  the  angle  a,  which  Is  the  inclination  of  the  edge 
X  on  the  lateral  axis,  may  be  calculated  by  the  spherical  triangle,  as  m 
f.  242,  243.  (Compare  the  explanation  of  this  case,  p.  62.)  Obviously  in 
the  plane  right-angled  triangle  formed  by  tlie  two  axes  and  the  edge  Xy 
tan  a  =  vie  (since  a  =  1).  If  c  is  known,  then  m  is  determined  ;  and,  con- 
vei-sely,  a  value  being  assumed  for  m,  in  the  special  case,  o  is  given  by  the 
calculation.     The  general  formulas  are  : 

cot  i-Z'=  sin  a,  or  tan  ^Z  V  i  =  tan  a ;  then  tan  a  =  mc, 

2.  Form  m-i. — {a)  Given  the  angle  Z,  mc  is  found  immediately  ;  the 

solution  is  obvious,  for  in  the  section  indicated  by 
the  dotted  line  (f.  249),  iZ=  a,  and  the  tangent  of 
this  angle  is  equal  to  the  vertical  axis,  (b)  Given 
the  angle  Y.  A  spherical  triangle  placed  as  in 
f.  249,  has  one  angle  =  ^Z,  a  second  =  45°,  and 
the  third  =  90°,  whence  the  side  opposite  -J  V  is 
calculated,  which  is  the  complement  of  a. 

The  general  formulas,  which  may  serve  to  de- 
duce the  value  of  m,  when  6  is  given,  or  the  con- 
verse, are : 

cos  i  Yi/2  =  sin  a,  or  tan  ^Z  =  tan  a,  and  tan  a  =  mo. 

If  a  series  of  square  octahedrons  m,  or  m-iy  occur  in  a  vertical  zone,  tlieir 
symbols  may  be  calculated  in  both  cases  alike  by  the  law  of  the  tangents, 
the  angles  of  the  planes  on  0,  or  on  /,  or  i-i,  respectively,  being  given. 
(See  p.  60.) 

3.  Form  i-n. — For  the  angle  of  the  edge  X(f.  109,  p.  26),  at  the  extrem- 
ity of  a  lateral  axis,  tan  iX  =  n.  From  the  angle  of  the  other  edge  Y, 
wehaveiX=  135°-  iJT;  and  hence,  tan  (135°-  ^Y)  =  n. 

4.  Form  m-n. — The  edges  are  of  three  kinds,  X,  JT,  Z(f.  250),  and  two 
angles  must  be  given  in  the  general  case  to  determine  7fi  and  n. 

{a)  Given  Xand  Z,  A  spherical  triangle  having  its  vertices  on  the  edges 
Xand  Zy  and  the  lateral  axis,  as  1,  f.  250,  will  have  two  of  its  angles  equal 
to  iX,  iZ,  respectively,  and  the  third  equal  to  90°.  The  solution  of  this 
triangle  gives  the  sides^  viz.,  a  and  p^  the  inclinations  of  the  edges  X  and 
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Z,  rcBpectivelj,  on  th«  lateral  axis.     The  tangents  of  thege  angles  give  the 
values  of  m  and  n.     The  formulae  are  as  follows: 

°"*^  =  cos  a,  tan  a  =  mc;  '^  ^5  =  cos  v,  tan  v  =  n. 
sin  \2L  sin  -^Z 

(8)  Given  Y  and  Z.     In  a  second  triangle  placed  as  indicated  {2,  f.  250), 
two  of  tlie  angles  are  ^Y&nA^Z  respectively> 
and  the  third  is  90°.    The  solution  of  this  second  2flO 

triangle  gives  £,  the  inclination  of  the  edge  Z 
on  the  diagonal  axis,  fi-om  which,  in  the  plane 
ii-iangle  we  have  v  =  135"  —  S,  and  from  c  is  ob- 
tained n.  Stil!  again  f i-o)n  the  triangle  1  (f.  250), 
and  it-stuilntioii  need  in  the  preccdingirase, having 
[;iveii  Z  and  v,  a  ia  obtained,  ana  from  it  m  ; 
as  by  the  following  fominlas  : 

^iij"  =  COB  8,  V  =  ISS^-S,  tan  v  =  »  ; 
siu  \Z 

tan  ^Z  eiii  v  =  tuTX  a  =  ma. 

{o)  Given  X  and  Y.  A  third  triangle,  numbered  3  in  the  fignre,  has  two 
of  the  angles  equal  to^Xand  il'reapef.tively,  and  the  third  is  45°.  Solv- 
Liig  this  oblique-angled  triangle,  the  angle  of  tlie  inclination  of  the  edge  Y 
i  n  the  vertical  axis  is  obtained,  and  it«  complement  is  the  angle  €,  the  in- 
clination of  the  edge  7"on  the  diagonal  axis;  from  e  and  ^  I' are  obtained, 
by  triangle  2,  S,  and  thence,  as  above,  n;  and  finally,  from  X  and  v,  is 
obtained  a,  and  from  that  the  value  of  m.  The  simplified  fonnulas  are  as 
follows ; 

Yjr —  =  n— 1  ;  Bin  a=  n  cot  iJL,  tan  a  =  mc. 

Pyramids  of  the  general  symbol  1-n,  m-m,  etc,  are  espocial  eases  of  the 
preceding,  the  processes  being  for  them,  however,  somewhat  simplified.  A 
single  measurement  is  suflicieut. 


IIL  Hexagonal  System. 

In  the  Hexagonal  system  there  are  three  equal  lateral  axes  (o)  inter 
secting  at  angles  of  60°,  and  a  fourth  vertical  axis  (c)  at  right  ana;le8  to 
the  plane  of  the  othere.  Talking  0  =  1,  there  remains  but  one  uiiKnowu 
quantity  in  the  elements  of  a  crystal,  that  is  the  length  of  c,  and  a 
single  measnrement  is  suSicieut  to  determine  this.  The  relations  of  the 
three  lateral  axes  have  been  explained  on  p.  32. 

The  hexagonal  system  ia  closely  allied  to  the  teti-agonat,  and  optically 
they  are  identical,  as  is  shown  beyond. 

f^chi'ADf  refei-s  all  hexagonal  forms  to  two  lateral  axes  crossing  at  right 
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angles  and  a  vertical  axis,  in  order  to  show  this  relation.    Aeeoi  ding  to  biiii,  in 

this  system,  the  axes  are  c  :  aVz  :  a  ;  in  the  tetragonal  they  are  c  :  a:  a. 
Millei*'s  school,  on  the  contrary,  employ  three  eqnal  axes,  making  equal 
angles  with  each  other,  and  each  normal  to  a  face  of  the  fundamental  rhom- 
bonedron.  In  each  of  these  methods  a  holohedral  foim,  for  instance  a 
hexagonal  pyramid,  is  considered  as  made  up  of  two  sets  of  forms,  having 
different  indices. 


A. — Jlolo/iedral  Forms. 

1.  Form  m :  hexagonal  pyramid,  fii-st  series. — Suppose  a  spherical  trian- 
gle, inscribed  in  f .  148,  p.  33,  having  its  vertices  upon  the  edges  X  and  Z, 
and  the  corresponding  lateral  axis  respectively,  similar  to  the  triangle  of 
f .  242.     This  will  be  a  riffht-angled  triangle. 

(a)  When  the  angle  or  the  edge -^  is  given,  then  f,  the  inclination  of  the 
edge  JS^  upon  the  adjoining  lateral  axis,  is  calculated  : 

sin  f  =  cot  iX  1^3,  and  tan  f  =  ?rk?,  or  =  <5,  the  vertical  axis,  when  m=  1. 

{b)  Given  the  angle  Z. 

tan  i  Z  Vi  =  mc,  or  =  c  when  m  =  I. 

2.  Form  m-2:  hexagonal  pyramid,  second  series.— These  pyramids  bear 
the  same  relation  to  those  of  the  m  series  as  the  mi  octahedrons  to  m  octa- 
hedrons of  the  tetragonal  system.  (Compare  f.  112, 146.)  The  methods  of 
calculation  are  similar  (f.  249.)  The  edges  are  of  two  kinds,  vertical  yand 
basal  Z. 

(a)  Given  the  angle  Y, 

2  cos  ^y  =  sin  iZ,  and  tan  iZ  =  mOj  or  c M'hon m  =  1. 

(ft)  Given  the  angle  Z.    Then  simply 

tan  iZ  =  mo. 

3.  Form  i-n:  dihoxagoiial  prism. — The  vertical  edges  are  of  two  kinds, 
axial  X,  and  diagonal  x  ;  the  solution  in  either  case  is  by  means  of  a  plane 
triangle,  in  a  cross-section  analogous  to  that  of  f.  146. 


(a)  Given  X. 


(ft)  Given  T. 


tan  iXvT  = 


2-/1 


tani3V3  =  ^ 
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4.  Form  m-n :  dihezaeonal  pyramid. — The  edges  (f .  261)  are  c^  throe 
kinds,  X  and  Y  temuQal,  and  Zi  basal ;  measiirements  of 
two  of  these  are  required  to  give  the  values  of  m  and  391 

» ;  this  is  analt^os  to  the  calculation  for  the  form  m-n 
in  the  preceding  system. 

(a)  Given  Xand  Z.  In  a  spherical  triangle  having  its 
vertices  ou  tlie  edges  X  and  Z,  and  the  adjoining  lat- 
eral axis  respectively,  two  angles  are  given.  If  t>  =  the 
inclinatiou  of  the  edge  Z  upon  the  lateral  axis  (the  side 
of  the  spherical  triangle  opposite  the  angle  ^X ),  then 

COB  y  =  ^4^>  «  —  i  ==  tau  (»  —  30")  Vf;  tan  42  sin  »  =  ma 

Q>)  Given  7  and  Z.  The  right-angled  spherical  triangle  has  its  vertices 
on  the  edges  J'and  Z  aiid  the  diagonal  axis.  If  £  =  the  inclination  of 
the  edge  Z  npon  this  diagonal  lateral  axis,  then  i 


'  smJZ 
also 

(150°—  S)  =  v ;  and,  as  beforo,  tan  ^^  sin  t>  =  ma. 

(c)  Given  X  and  Y.  In  the  oblique-angled  spherical  triangle,  with  its 
vortices  upon  the  edges  X  and  J'and  the  vertical  axis,  the  three  angles 
are  known,  viz.,  JX,  i  J",  and  SO",  hence : 

2-»  _    a»kXVZ. 
n-1  cosir 


Further,  if  f  =  the  angle  of  inclination  of  the  edge  Xnpon  a  lateral 
axis,  that  is,  the  complement  of  the  same  edge  upon  the  vertical  axis  (the 
side  of  the  spherical  triangle  opposite  the  angle  k^\ 


^3 
BID  ^  =  n cot  ^X,  and  tan  f  = 


If  the  pyramid  m-n  takes  the  form  m — ^-,  as  determined  by  its  zonal 

relations,  tlie  caloulations  are    simplified,    since  one  unknown   quantity 
only,  m,  has  to  be  determined,  and  one  measurement  is  sufficient. 


B. — Bhomhohedral  Dwision. 

The  relation  of  the  rhombohedrons  and  scalenohedrons  to  the  tme  hexa- 
gonal f  onus  has  been  made  clear  in  another  place.  The  rhombohedron  is 
Uie  bemihedral  form  of  the  hexagonal  pyramid  m,  and  its  symbol  is  writ- 
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ten  —  y  or  usnally  mli.    The  Bcalenohedron  is  the  corresponding  hemihe 

dral  form  of  the  twelve-sided  pyramid,  and  its  symbol  is  written  ^{mrn)  or 
mlB^.  The  latter  symbol,  proposed  by  Naumann,  has  reference  to  the 
rhomb()hedi*on  whose  lateral  edge  corresponds  to  the  edge  Z  of  the  given 
Bcalenohedron. 

The  formulas  given  by  Naumann  for  reducing  the  symbol  \{jnr7C)  to  the 
form  mlB^  are  as  follows  : 


m 


/      m(2— n)       n    /           n 
=  — ^ '.  and  n  = , 

n      '  2  —  n 


For  the  converse,  to  reduce  mlR^  to  the  form  i(wi-n), 


ra  =  mV  and  n  = 


2n' 


n'  +  1 


253 


1.  Shonibohtdrona^  mB. — The  methods  of  calculation  are  simple,  and 

will  be  understood  from  f .  252.     The  edges  are  of 

two  kinds,  JTand  Z,  and  their  relation  is  such  that 

the  corresponding  angles  are  the  supplements  of 

each  other. 

Given  the  angle  of  the  edge  X.     A  spherical 

triangle  is  placed,  as  indicatea  by  ABC^in  f.  252, 

with  Its  vertices  respectively  on  the  edge  X,  the 

vertical  axis,  and  the  diagonal  of  the  rhombohe- 

dral  face.     In  this  triangle  A  =  iJT,  JB  =  60*% 

^^A  n      ftAo   u  i.  cos  A         cos  \X. 

and  C  =  90  ,  but  cos  a  =   -, — =■>  =  -; — ^; 

'  sin  J?  sin  60*^' 

here  a  is  the  inclination   of  the  diagonal   line 

upon  the  vertical  axis,  that  is,  the  complement  of 

a,  its  inclination  upon  the  basal  section.    Now  in  the  plane  triangle  ahCy 

where  op  =  the  lateral  axis  =  1,  oJ  =  Vj,  hence,  tan  a  i^f  =  mc,  or  =  <5, 
the  vertical  axis  of  the  rhombohedron,  when  in  =  1. 
The  general  formulas  are  then  : 


sm  a  = 


cos  \X 

siiTeo^ 


,  and  tan  a  Vi  =  mo. 


Obviously,  when  the  angle  of  B  (or  mlH)  upon  the  basal  plane  O  can  be 
measured,  the  supplement  of  this  is  the  angle  a.  Similarly  the  angle  HaI 
-  90^  =  a. 

In  a  series  of  rhombohedrons  in  a  vertical  zone,  the  tangent  law  can  be 
ad  vanta^ously  applied.  Attention  must  also  be  called  to  the  zonal  relations 
of  certam  +  ana  —  rhombohedrons,  remarked  on  p.  36 ;  these  relations 
may  be  conveniently  shown  by  means  of  Qnenstedt's  method  of  projection. 

2.  SoalenohedronBy  mR^. — As  seen  in  f.  171,  p.  37,  the  edges  aie  of  three 
kinds,  JT,  Y^  Z,  and  two  angles,  must  in  general  be  measured  to  allow  of 
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the  determination  of  m  and  n.    The  methods  of  calculation  are  not  alto- 
gether simple.     The  following  equations  are  from  Naumann. 

(a)  Given  Xand  Y. 

ni»foundfromtL±4  =  ^^;   further,  sin  iZ  =  J^.  cos  iX 
also, 

cos  f  =  — r^>  ^^^  ^*  f '  ^3  =  mo. 

(b)  Oiven  X  and  Z. 

2n    _    siniZ  .,       tanjZ  ,^ 

;rTl-^3^4Z5^f=in^5cotff8=mc. 

(p)  Given  l^and  Z. 

27*  sin^Z  ^        taniZ       ,        w./« 

;nri=  -Jj^iTP'     co6r=  -;^.andcotfV3  =  «w. 

If  w,  that  is  the  inscribed  rhombohedron,  ie  known,  one  measurement 
will  give  the  value  of  n.  Z'  =  basal  edge  of  the  inscribed  rhombohedron 
(cai-e  must  be  taken  to  note  whether,  ^  is  obtuse  or  acute). 

(d)  Given  X.  sin  <^  =  2  cos  ^X  cos  iZ\ 

tan  (<^-iZ')  cot  iZ  =  n. 
{e)  Given  Y.  sin  ^  =  2  cos  ^P^cos  iZ\ 

tan(<^+iZ)cotiZ  =  n. 
{/)  Given  Z.  tan  ^Z,  cot  iZ'  =  n. 

If  n  is  known.     From  X,  we  have  sin  \Z  = cos  \X  ;    then,  as 

n-hl 

under  (a).    From  T^  sin  JZ  = cos  \  Y.  and  then  as  above.     From  Z, 

n— 1 

cos  ^'  is  obtained  as  under  (a),  and  then  foc. 


IV.  Obthorhombio  Systbm. 

Of  the  tlii-ee  rectangular  axes  in  the  Orthorhombic  system,  one  is  always 
taken  equal  to  unity,  in  this  work  the  shortest  {d).  This  leaves  two 
unknown  quantities  to  be  dcteimined  for  each  species,  namely,  the  lengths 
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of  the  axes  c  and  ?,  expressed  in  tenxiB  of  the  unit  axis  dy  and  for  this 
end  two  independent  measurements  are  required.  The  simpler  cases  are 
considered  here. 

Calculation  of  the  Lengths  ofihe  Axes. 

Let    a  =  the  inclination  of  the  edge  Z  to  the  axis  d  (f .  253). 
B  =  the  inclination  of  the  edge  X  to  the  axis  d, 
7  =  the  inclination  of  the  edge  Y  to  the  axis  I. 

From  the  plane  triangle  formed  by  each  edge  and  the  axes  adjacent 
(f  253, 254)  tne  following  relations  are  deduced,  when  <{  =  1 : 

1)  Given  a  and  /9,     tan  13  =z  i  and     tan  a  =  ?• 

2)  Given  a  and  7,      tan  a  =  l,  and  h  tan  y  =  i. 
[8)  Given  /8  and  7,      tan  /8  =  c,  and  ^  cot  7  =  J. 

258 


The  angles  a,  0y  7  are  often  given  direct  by  measurement;  for,  obviously 
(f.  254,  255), 

a  =  the  semi-prismatic  angle  /A  7  (over  i-i). 

B  =  the  semi-basal  angle  of  1-i  A  1-i. 

7  =  the  semi-basal  angle  of  1-iA  1-i. 

Also  /  A  t-i  =  a  +  90** ;  1-i  A  i-i  =  /8  +  90^  ;  li  A  (9  =  180^-/8,  etc. 

From  the  octahedron  (f.  253),  the  angles  a,  /9,  7  are  calculated  immedi- 
ately by  the  following  formulas,  and  from  them  tlie  length  of  the  axes  afi 
above. 

(a)  Given  -T  and  Z  (spherical  triangle  I,  f .  258), 


.^  cos  iX     _,  o         cosiZ 

30S  a  =      .    I        cos  ^  =     .    .^y* 

sm  iZ  sm  ^  JC 


(b)  Given  Fand  Z  (spherical  triangle  II,  f.  253), 


sm  a  = 


_     cosiT". 


_  cosiZ 


- — =-=- ;  cos  7  —  -; — j~^  • 
miZ  sm  iY 


sm 


(c)  Given  Xand  l^(splierical  triangle  III,  f.  253), 

«:«   o        cosiP'      .              cos  iX 
sm  a  = =-=.:  sm  ^y  = =^=« 

^        sinJX'         ^       sin  iZ^ 
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If  any  one  of  the  augles  a,  )3,  or  7  is  given,  as  from  the  measurement  of 
aprism  or  dome,  and  also  any  one  of  the  angles  of  the  octahedral  edges  JT, 
Jlj  or  Zy  a  second  of  the  former  angles  may  be  calculated,  and  from  the 
two  the  axes  are  obtained  as  before.  The  formulas,  derived  from  the 
same  spherical  triangles,  are  as  follows  : 

(1)  Given  Xand  a,        sin  )8  =  cot  JXtan  a. 

X  and  )9,        tan  a  =  tan  \X  sin  )9« 
X  and  7,        cos  )8  =  cot  \X  cot  7. 

(2)  Given  J"  and  a,        sin  7  =  cot  iJTcot  a» 

yand^,  cos  7  =  cot  iJTcotyS. 

yand  7,  cot  a  =  tan  ^Y  sin  7. 

(8)  Given   Z  and  a,  tan  7  =  tan  iZ  go&o. 

Z  and  fiy  cos  a  =  cot  ^  Z  tan  7. 

Z  and  7,  sin  a  =  cot  iZ  tan/3. 


Calcvlation  of  the  values  of  m  and  n. 

The  above  formulas  cover  all  the  ordinary  cases,  the  only  change  that  ia 
required  in  them  is  to  write  for  (?,  J,  a,  in  equations  (1\  (2),  (3),  above,  (f^  J',  a', 
the  lengths  of  the  axes  for  the  given  form,  noting  tnat  (/  =  wuj,  and  so  on. 

1.  J^rismSy  i-n  or  i-7l.  As  remarked,  the  semi-prismatic  angle  (over  ii) 
is  the  angle  a  (f.  254\  and  tan  a  =^  nb.  If  the  calculated  value  of  n  is 
greater  than  unity,  tne  form  is  written  coo:  nb  :  a  (t-n) ;  if  less  than  unity, 
tlie  form  is  written  <x>o:i:na  (^),  h  being  the  unit  axis.  Thus  i-f 
(ooc:  ib:  a)  becomes  i-i  (oocib  :  2a). 

2.  DmneSy  m-i  and  m-l. — ^No  further  explanation  is  needed  (f .  255) ;  here 
tan  /8  =  mCj  or  b  tan  7  =  mo. 

3.  Octahedrons^  m. — Here  the  angle  a  is  always  known  (it  being  the 
same  as  for  the  unit-octahedron  where  tan  a  =  b)^  and  hence  a  single  meas- 
ured angle,  X,  JT,  or  Z  will  give  the  values  of  either  /8  or  7  for  Uie  given 
form,  and  tan  13  =  mOy  b  tan  7  =  mo. 

4.  Forms  m-n  or  mrk. — The  measurement  of  the  angles  X,  Yy  Z  will 
give  the  values  of  a,  /3,  and  7  belonging  to  the  given  form,  and  tan  /3  =  mCy 
tan  a  =  nb,  etc. 

Here,  as  in  the  prisms,  if  n  is  less  than  unity,  when  the  axis  d  is  the  unit, 
the  symbol  is  transposed,  and  the  axis  i  made  tlie  imit,  thus  2c  lib  :  a  (2-J) 
becomes  4c:  b  :2a  (4-2). 

If  the  angle  between  the  form  m-n  (or  mrii)  and  either  of  the  pinacoids 
can  be  measured,  the  method  of  calculation  is  essentially  the  same  (Com- 
pare f .  248) ;  for 

m-n  A  O  (base)  =  supplement  of  the  angle  ^Z; 

mrn  A  irl  Tmacropinacoid^  =  supplement  of  the  angle  iYi  and 

mru  A  i-l  (brachypinacoia)  =  supplement  of  the  angle  i-Z. 

The  method  of  calculation  of  planes  in  a  rectangular  zone  by  means  of 
the  tangents  of  their  supplement  basal  angles  finds  a  wide  application  in 
this  system.    It  applies  not  only  to  the  main  zones  O  to  irl  (macrodomes), 
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O  to  i4  (brachydomes),  i-i  to  i-l  fvertical  prisms),  and  I  \o  0  (unit  octahe- 
drons), but  also  to  any  z.>ne  of  octahedrons  m-^  (or  rnr4i)  between  O  and  t  A 
(\)r  i-^),  and  any  transvei-se  zone  from  i-l  to  rnA^  and  i-i  to  mri. 


V.  MoNooLiNio  Ststek. 

In  the  Monoclinic  system  the  number 
of  unknown  quantities  is  three,  viz.,  the 
lengths  of  the  axes  i  and  &,  expressed  in 
terms  of  the  unit  clinodiagonal  axis  d,  and 
the  oblique  angle  fi  (also  called  67),  between 
the  basal  and  vertical  diametral  sections, 
that  is,  between  the  axes  6  and  d.  Three 
independent  measurements  are  needed  to 
detennine  these  crystalWraphic  elements. 

The  angle  ^  is  obtuse  m  the  upper  front 
quadrants,  and  acute  in  the  lower  front 
quadrants;  the  planes  in  the  firet  mentioned 
quadrants  are  distinguished  from  those  be- 
low b^'  the  minus  sign.  The  unit  octahe- 
dron IS  made  up  of  two  hemi-octahcdrons 
(—1  and  +1),  as  shown  in  f.  256. 

Calculation  of  the  Zenfftha  of  the  Axee^ 
and  the  Angles  of  obliquity. 
Represent  (see  f.  256)  the  inclination  of  the 


Edge  Xon  the  axis  c  by  /*.    -I'on  d  by  v.     Y  on  c  by  />. 
X'     «       "    i  " /*'.    X'ondhjv\   Zona  by  a-. 


For  the  relation  of  the  axes  in  terms  of  these  angles  we  have : 

(1)  In  the  oblique-angled  plane  triangle,  in  the  clinodiagonal  section 

sin  y    ,  ^ 

a  :  c  =  sm  /i  :  sm  1/,  or,  0  =  - —  when  a  =  1. 


sm/i 


a  sin  B 
tan  /i  = ^—g. 

—      gain  fi 
a  —  c  cos  ff 


,        asm  fi 

tan  ii  =  —; a. 

^       o-^aaoafi 


tan  v  = 


tan  1/'  = 


0  sin  fi 
a  +  c  C08/8 


Furtlier, 


^      2  sin  ii  sin  u/ 
sm  (fi  -  /i') 

/i  +  I.  +  /8  =  180' 


.       ^      2  Bin  V  sin  i/ 
tan  p=  — ; — 7 ?r-. 


(2)  In  tlie  right-angled  triangle  of  the  orthodiagonal  section,  &  cot  p  =:  A 
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(SS  In  the  basal  section,  d  tan  o-  =  &. 

The  above  formulad  serve  to  determine  the  lengths  of  the  axes  and  the 
angle  of  obliquity,  or,  if  these  are  known,  to  determine  the  values  if  m  and 
n  by  substituting  mc  for  (?,  etc. 

l? he  angles  /t,  i/,  p,  <r,  etc.,  must,  in  general,  be  determined  by  calculation 
from  measured  angles. 

Let  the  inclination  of  a  plane  in  the  positive  quadrant  on  the  clinodi- 
agonal  section  be  denoted  by  X:  that  on  the  orthodiagonal  section  by  JT; 
that  on  the  basal  section  by  Z.  Let  also  the  corresponding  inclinations  of 
a  plane  in  the  negative  quadrants  be  indicated  by  jT',  Y\  Z\  respectively 
(see  f .  256). 

It  is  to  be  noted,  when  the  pinacoids  are  present,  that 

+  1aO=180^-Z;     +lAi4  =  180*'-.r;    +  1  Ai-l  =  180^-X; 
-1a6^  =  180^-Z';    -lAi-t  =  180^-F';  -  1 A i-i  =  180^-2^. 

The  same  is  true  for  the  corresponding  angles  of  the  general  form 
±  w-n,  or  mrh. 
Also,  when  ±  1  (f.  256)  alone  are  present  (or  m-ri)  note  that 

+  1A  +  1  =  2X;  -1A-1  =  2Z';    +  1 A  - 1  (orthodiag.)=  1^4  F  ;     ^ 

(basal)=Z+Z'. 

Any  three  of  these  angles  will  serve  to  give  for  the  unit  form  (±  1^  the 
len^h  and  obliquity  of  the  axes,  or,  when  these  are  known,  two  of  tnese 
an^es  are  sufficient  to  deduce  the  values  of  m  and  n  for  any  unknown 
form. 

In  the  first  case,  as  one  of  the  three  measured  angles  must  be  either 
Y-\-  Y^  or  Z  -h  Z\  the  formulas  given  above  do  not  immediately  apply. 

For  example,  if  X,  X'  and  Y-v  Y*  are  given.  Placing  a  spherical 
triangle,  oic,  in  f.  256,  with  its  vertices  on  the  edges  xl  X,  and  JT, 
in  this  the  three  angles  will  equal  X,  X  and  Y-\'  Ir  respectively ;  here 
the  side,  ac^  opposite  the  angle  ( x  +  Y^  is  calculated,  which  gives  the  value 
of  ft  4-  m',  also  the  side,  bc^  opposite  X' ;  then,  again,  in  the  right-angled 
spherical  triangle,  where  he  and  X  are  known,  fi  is  obtained,  thus  fi*  is 
known  and  also  yS.  The  lengths  of  the  axes  follow  from  the  formula? 
given  above. 

The  following  are  some  of  the  cases  which  may  occur: 

{a)  Given  O,  and  14.     0Ai4  (front)=  180**-  /3,  behind  =  fi. 

(J)  Given<?, -l-i,and  +  l-i.    Oa- l-i=:  180^- y';  (9a+ 1-t  =  180* 

—  v.     By  the  formula  given  above,  tan  8  =  -; — 7 ^r-,  also,  a  =  180*' 

J  o  '        '^       sm  (i;  —  1/)  '         '  '^ 

—  {13 +v).  Thus  fi,  fi^  and  v  are  known,  and  from  them  the  relation  of  the 
axes  d  and  6  is  deduced* 

(0)  Given  i-i,  -  14  and  +  1-i.  i^*  A  -  14  =  180°-  /,t-i  A  +  1-i  =  180* 
-^    As  before,  tan /3  =  ^^^',  and  1;  =  180^- 03  +  /.). 
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(d)  Given  the  prism  /  and  O  (f.  2S7).  In  the  epherical  triangle  ABC, 
C=  90"  {inclination  of  base  on  clLiodiagoual  section),  B  =OaI,  A  = 
i(  /"a  I).    Hence,  tlie  sides  OA  and  CB  are  calcalated  ;   CA  =  ^  (or,  as 

in  this  case,  180°—  /9) ;    CB  =  <r,  which  gives  (he  ratio 

of  the  lateral  axes,  a  and  b. 

(e)  Given  i-i,  1-i  and  O.     O^i-i  (behind)  =  )8,  aod 
sin  ft  tan  [{OaI-i)  —  90°]  =  tan  p. 

(/)  Given  +  1  and  —  1,  form  as  in  f .  256.  The 
angles  between  the  planes  +  1  and  —  1  and  the  diame- 
tral sections  are  indicated  by  the  letters  2C,  Y,  etc.,  as 
before  explained  (p.  77).  The  relations  between  these 
angles  and  the  angles  /i,  v,  p,  etc,  are  given  in  the  fol- 
lowing formnlas,  deduced  by  means  of  spherical  triangles: 


f^ 


sin  X' 


cos  >*'  =  -; =,  ,      COS  p  =  -: 

'^       Sin  ^'  '^      Bi 
y  _  ««  Z' 


cosX      cosZ* 


COS  X      cca  X 


tenp 
wn  /*'* 


.       _r     tan  o-      tan  p  .       ™     tan  <r 

tftnX=-; — =  T — ~,        tKaX=-. — ; 

Binf      sm  fi'  em  v 

--■;„   Zy       tan  1"=  -.-  ■  ,     tanZ=-.  — ,    tan  Z*  = -: . 

Bin  p  sin  f>  sm  o-  sin  a 

(g\  Given  the  prism  /  and  —  1  (or  +  1).  The  angles 
lf\I,  — lAi^— lA  —  1  are  measured.  In  the  spherical 
triangle  ABD  (f.  258),  the  angle  A  =  i(/A  I),  B  = — 
1 A  77-0  =  K—  1  '^  —1)  =  ^>  tro™  w'lich  tlie  sides  AD 
=  v'  +  (180"-  j8)  and  AB  are  calculated.  Tlien  in  the 
second  triangle,  ABG,  G=  90°,  AB  is  known,  also  A; 
ence,  (7.5  =  o-and  OA  =  180°  -  ^  are  calcnlated.  Thns 
I''  and  ii!  and  /9  become  known,  and  the  relation  of  a  to 
<} :  also  from  a  follows  the  ratio  of  a  to  i. 


OaleulaiMn  of  the  values  of  m  and  n. 

In  general,  it  may  be  said  that  the  methods  of  calculation  are  the  same 
M  those  already  given.  In  each  case  the  vahies  of  n,v,  p,<r  are  to  be 
obtained,  and  tnose  introduced  into  the  axial  equations  (1,  2,  3)  given 
above  give  the  valnes  of  mc,  ni,  etc,  from  which  m  and  n  are  derived. 
^Vhen  in  the  general  form  m^^  [me  ',nb:a)n  is  found  to  be  less  than 
unity,  then  h  is  made  the  nnit  axis  and  the  form  is  written  m-h  {mo : 
b  :  no),  thus  2c  :  ^  :  a  becomes  4c  :  &  :  2a  (4-1),  the  same  is  tme  for  v«i 
and  Vh. 

1.  Hemi-octahedrons,  ±  m-n.-  -Two  measaremeotB  are  needed,  giving 
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two  of  the  angles  X,  J",  Z,  etc.,  from  which  are  derived  /*  (or  i^),  p  (or  <r), 
and  from  the  proper  formnlas  m  and  n. 

The  following  nemi-octahedrons  require  one  measurement  only :  ±  m^ 
±  TTirmj  ±  m-m,  ±  1-n,  ±  1-A,  Further,  it  is  to  be  noted  in  regard  to 
them  that  the  forms  ±  m  have  the  same  ratio  of  the  lateral  axes  as  ±  1, 
tl)at  Is,  the  same  value  of  o*. 

Forms  ±  1-n,  and  ±  mrm^  have  the  same  ratio  of  the  axes  i  and  d  as  the 
unit  form  ±  1,  that  is,  the  same  values  of  /*,  v  (ji,\  v'). 

Forms  ±  nv^nh^  ±  1-A,  have  the  same  ratio  oi  the  axes  i  and  b  with 
±  1,  that  is,  the  same  value  of  p. 

2.  Form  t-n  (or  i-A). — ^If ,  as  before,  JT,  Y  represent  the  inclinations  of 
the  given  prism  on  the  clinodiagonal  and  orthodiagonal  sections  respect- 
ively, it  is  to  be  noted  that : 

X  +  r  =  90^ 

Similarly  to  f •  257,  we  obtain,  in  general,  for  any  form,  w»y 

sin  B  tan  X        ,  -     .  *  J  cot  -Z 

fi  ss II— •  and  for  t-n,  n  =  — ; — 3-. 

S  '  '  sm^S 

Since  ^{  A  i4  =  90^,  the  tangent  law  can  be  applied  in  this  zone  advan 
tageously.  If  X\  Y^  are  the  corresponding  angles  for  the  unit  prism  /, 
then  for  i-n, 

tan  X      tan  r^  ,   ^      .  .  tan  X*     tan  F 

8.  Forms  =b  mr%  hemi-orthodomes. — For  each  form  the  correspondinff 

values  of  /t,  w  (ji\  v')  are  to  be  obtained  by  measurement  or  else  calculated, 

and  from  them  the  value  of  mo  obtained  from  the  formulas  (1),  mc  = 

sin  y    ^ 
-i — ,  etc. 
BinfA 

4.  Forms  m-l,  clinodomes. — Similarly  as  with  the  prisms,  when  Xand 

Z  denote  the  angles  with  the  clinodiagonal  and  basal  sections, 

x+z==9o^ 

For  any  form  7»4, 

JcotX 

0  sm  /8' 
Or  by  the  tangent  law,  X^  being  the  corresponding  angle  for  1-1^ 

tanX^ 
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TsioLmio  Ststvil 

The  triclinic  system  is  characterized  by  its  entire  want  of  symmetry 
The  inclinations  of  all  the  diametral  planes,  and  hence,  the  inclination  ol 
the  axes,  are  oblique  to  one  another.    There  are,  then,  five  unknown  quan- 
tities to  be  determined  in  each  case,  viz.,  the  three  angles  of  obliquity  of 
the  axes,  and  lie  lengths  of  the  axes  b  and  4  d  being  made  =  1. 

The  axes  are  lettered  as  in  the  oithorhombic  system :  6  =  the  vertical 
axis,  h  =  the  macrodiagonal  axis,  and  d  =  the  brachydiagonal  axis. 

Let  (f.  259)  a  =  angle  between  the  axes  6  and  I; 
960  /9  =  angle  between  the  axes  c  and  d ; 

1^  y  =  angle  between  the  axes  b  and  d. 

Also,  let  A  =  angle  of  inclination  of  the  diame- 
tral planes  meeting  in  the  axis  d;  H  =  angle  of 
inclination  for  those  intersecting  in  the  axis  b,  and 
C  =  the  angle  of  those  meeting  in  c. 

The  maci-odiagonal  (m-n)  and  brachydiagonal 
(m-A)  planes  are  indicated  as  in  the  orthorhombic 
system,  also  the  planes  opposite  the  acute  angle 
(p)  are  called  +,  and  those  opp(«ite  the  corre- 
sponding obtuse  angle  —  ;  furthermore,  the  planes 
in  front,  to  the  right  (and  behind,  to  the  left)  are  distinguished  by  an  accent, 
as  m-n^ 

In  the  fundamental  octahedron  formed  by  four  sets  of  planes,  these  aro, 
taken  in  the  usual  order  (f.  227),  —  1',  —  1,  +1',  +  1,  and  below,  +  1', 

+  1,-1', -1. 
In  the  determination  of  any  individual  crystal  belonging  to  this  system, 

the  axial  directions  as  well  as  unit  values  have  to  be  assumed  arbitrarilv ; 
in  many  cases  {e.g.^  axinite)  the  custom  of  difFei*ent  authors  has  varied 
much.  Two  points  are  to  be  considered  in  making  the  choice  :  1,  the  cor- 
respondence in  form  with  related  species,  even  if  these  be  not  triclinic,  as, 
for  example,  in  the  feldspar  family  ;  and  2,  the  ease  of  calculation,  which 
is  much  facilitated  if,  of  the  planes  chosen  as  fundamental,  the  pinacoids 
are  all,  or  at  least  in  part,  present. 

In  general,  the  methods  of  calculation  are  not  simple.  Some  of  the 
most  important  relations  are  given  here  (from  NaumannV  In  actual 
practice,  problems  which  arise  may  be  solved  by  soidc  of  tlie  following 
fornmlas,  or  by  means  of  a  series  of  appropriate  spherical  triangles,  used 
as  in  the  preceding  pages,  and  by  which,  from  the  measured  angles,  tli€ 
required  elements  of  the  forms  may  be  obtained. 

In  addition  to  the  angles  already  defined,  let,  as  follows  (f.  259), 

.-1^=  inclination  of  a  plane  on  the  brachydiagonal  section  ; 
1^=  "  "  "      macrodiagonal        " 

Z=  "  "  "      basal  " 

Let  the  inclination  of  the  edge, 

2r on  6  =  fij  I^on^  =  p,  ZondEr^tf*, 

Xoiid  =  Vy  y  on  ?  =  Tr,  Z  on  2  =  T, 
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When  the  three  pinacoids  are  present,  the  anales  A^  By  G  ai*e  given  by 
Aneasiireinent.  These  angles  are  connected  with  the  axial  angles  by  the 
following  equations : 

eos-4  +  co8-Sco8C7  ^     go%  B  +  eo%  G  qo&  A 

cosa  = X — 7r~J — ty ;     coBp  = 1; — 7=— r — 3 ; 

sin  B  sm  U  sin  U  sin  A 

cos  (7  +  cos  -4  cos  B 

cos  7  = ; — .    «     o ; 

'  sm  Aexn  B        ' 

also, 

sin  a  :  sin  )3  :  sin  7  =  sin  j1  :  sin  j8  :  sin  O. 

The  relations  between  the  angles  a,  Py  y,  and  the  angles  /*,  y,  etc.,  are  as 
follows : 

2  sin  p  sin  p'      2  sin  tt  sin  tt' 
sin  (p  —  p)        sin  (it  —  tt) 

P  _  2  sin  fA  sin  fjk'  _  2  sin  1/  sin  p' 
sin  (/A  —  ^')   ""  sin  (v  —  v^)* 

__  2  sin  T  sin  t'  _  2  sin  a  sin.cr* 
'  ""  sin  (t  —  t')    ^    sin  (<r  —  o-')  ' 

a  +  ir  +  p=:/8  +  A*  +  y  =  7  +  <r  +  T  =  180^ 


Also, 


The  relations  between  JT,  T",  Z,  and  -4,  -S,  C,  and  fij  v,  etc.,  are  given 
by  the  following  formulas,  in  which  the  sum  and  difference  of  JT  and  F", 
etc.,  are  calculated,  and  from  them  the  angles  JT,  Yy  etc.,  themselves  are 
obtained : 

tan  i(X+ r)  =  cot  4C7 .  ^5i#^ 

^  ^  COB  K/J  +  /*) 

tan  i(X-  T)  =  cot  iC .  "!°  j^P  "  ^l 

tan  i{X+  Z)  =  cot  i^  .  °^  j^*^  ~  "j. 
^  '  COS  i(<r  +  v) 

tan  KX-  Z)  =  cot  M  . "!"  ti*^  ~  "j. 
^  '  Bin  i^fr  +  v) 

tan  ^T+  Z)  =  coi\B.  '^^"'^1 
^  '  COB  t(T  +  ?r) 

tan  ^T-Z)  =  cot  i^ .  °!°  t^"" "  ""j. 
^  '  Bin  i(T  +  «•) 
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COB   ]r+  COB  XCOS  ^                          COB  Z  +  COB  XCOG  j4 
COfl  a  =  ! :^»-T Ty ,      COB  V  =  : ^y^^-. 3 . 

'^  Sill  2l  sm  6/        '  Bin  Jl  biu  -d. 

_  COB  X+  COB  T'COB  C  _^5^  Z+  COB  l^COB  5 

COB  P  — -      '  •        XT"     *       y>  *       COB  TT  —  •        -rr"    •       t>  • 

'^  Bin  jT  Bin  €/        '  Bin  iTBinjB 

COB  X  +  COB  Z  COB  A                          COB  1^+  COB  Z  COB  B 
COB  O"  =  ; g?— 1 3 ^,   COB  T  = ; «— ; jz . 

Bin  Z  sm  A  Bin  Z  Bin  ^ 

< 

Furdier,  Bin  X :  Bin  T=zsin  p  :  Bin  /i. 

Bin  Y:  Bin  Z  =  Bin  r  :  sin  tt. 
Bin  Z :  Bin  X  =  Bin  y  :  Bin  a. 

The  following  equationB  give  the  relationB  of  the  angles  /*,  Pj  py  etc  to 
the  axes  and  axial  angles : 

aAnfi  .  0  Bin  B 

tan  a  = ^-—  I    tan  v  = i-— 5. 

'^      0  —  a  COB p  a  —  (Jcosp 

ft  Bin  a  ^  c  Bin  a 

tan  p  = T ;    tan  tt  =  ^ ^. 

'^      0  — ScoBa  6— ccoBa 

a  Bin  7  ^  J  Bin  > 

tan  T  =  Y —  ;    tan  a-  =  ^ — ^ — . 

6  —  a  COB  7  a  —  o  cob  7 

Also,  Bin  T  :  Bin  o-  =  d( :  iy 

sin  p  isimr  =:  i:  6y 
sinpisin  fA=z  6:  d. 
E'or  any  form  m-n, 

m-/»  A «  =  180**-  T;  w-nAt-«  =  J80^— X;  m-nA  (?  =  180^-Z. 

For  a  vertical  heraiprism,  X+  1^+  C7=  180°, 

<{:?=:  Bin  y  •  Bin  a  :  Bin  JT :  Bin  /9. 

For  a  macrodiagonal  hemidome,  Y+Z  +  -ff  =  180**, 

<{  :  0  =  Bin  JT.  Bin  a  :  Bin  Z  •  sin  7. 

For  a  brachy diagonal  hemidome,  X+Z-^A  =  180**, 

2  :  3  =  Bin  X  Bin  )9  :  sin  Z  sin  7. 

By  writing  me  for  (?,  nib  for  S,  etc.,  these  formnlas  will  answer  also  for 
the  determination  of  m  and  n.  It  is  supposed  in  the  above  that  the 
measured  edge  is  parallel  to  the  axis  of  the  given  hemiprism,  etc. ;  when 
this  is  not  the  case  the  relations  are  a  little  less  simple. 
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T^Asir&mcENT  of  the  Anolks  of  Cetbtaia* 

The  angles  of  crjetals  are  measured  by  meaiis  of  iDstinimenta  which  aia 
called  goniometers. 

The  Bimplest  form  of  these  instrnments  is  the  hand-goniometer,  repre- 
sented in  f.  260.     It  conaiBts  of  an  arc,  graduated  to  half  degrees,  or  finer, 


and  two  movable  arms.  In  the  iiistrnment  fignred,  one  of  the  arms,  av, 
has  the  motion  forward  and  backward  by  means  of  slits  gh,  ri ;  the  other 
arm,  cd,  has  alao  a  similar  slit,  and  in  addition  it  tarns  around  the  centre  of 
the  arc  as  an  axis.  The  planes  whose  inclination  is  to  be  measured  ara 
applied  between  the  arms  ao,  co^  and  the  latter  adiiisted  so  that  they  and. 
the  surfaces  of  the  planes  are  in  close  contact  This  adjustment  mnst  be 
made  with  care,  and  when  the  instrument  is  held  up  to  the  light  none  mnst 
pass  throngh  between  the  arm  and  the  plane.  The  number  of  degrees  read 
off  on  the  arc  between  k  and  the  left  edge  of  d  (this  edge  being  m  the  line 
of  the  centre,  o,  of  the  arc)  is  the  angle  i-eqnired.  The  motion  to  and  fro  by 
means  of  the  slits  is  for  the  sake  of  convenience  in  measuring  small  or 
imbedded  crystals.  In  a  much  better  form  of  the  instrument  the  arms  are 
wholly  separated  from  the  aru  ;  and  the  arc  is  a  delicately  gradnat«d  circle 
to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  useful  in  the  case  of  large  crvstals,  and  those 
whose  faces  are  not  well  polished  ;  the  measurements  witn  it,  however,  are 
seldom  within  a  quarter  of  a  degree  of  accuracy.  In  the  finest  specimens 
of  crystals,  where  the  planes  are  smooth  and  lustrous,  results  far  more 
accurate  may  be  obtained  bj  means  of  a  different  instrument,  called  the 
reflecting  goniometer. 

Rf;flem/>hg  Ooniometor. — This  instrument  was  devised  by  Wollaston,  in 
1809,  but  it  has  been  much  improved  in  its  various  parte  since  his  time, 
especially  by  Mitscherlich.  The  principle  on  which  it  is  constructed  may 
bo  understood  by  reference  to  the  following  figure  (f.  261),  which  repre 
•r.nts  a  crystal,  whose  angle,  oho.  is  required. 

The  eye  at  P,  looking  at  the  face  of  tbo  crystal,  he,  observes  a  reflected 
*  See  tlx  Supplementar}'  Chapter,  pp.  115  et  eeq. 
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image  ol  m,  in  the  direction  of  Pn.  The  crystal  may  now  be  bo  changed  in 
itB  position,  that  the  same  image  ie  seen  rcHected  I}y 
981  the  next  face   and   in   the   saine   direction,   Pn.     To 

effect  this,  the  crystal  must  be  tntned  around,  antil 
abd  hae  the  present  direction  of  be.  Tiie  an^le  dbc, 
measures,  therefore,  the  inimber  of  deereei  tliroiigli 
which  the  crystal  mnst  be  tiinied.  But  aio,  subtracted 
from  1 80°,  equals  the  required  angle  of  the  crystal, 
aic.     The  crystal  is,  tlierefore,  passed  in  its  revolution 

through  an  angle  which  is  the  supplement  of  the  reijuired  angle.    Thie 


angle  evidently  mar  be  measured  by  attaching  the  cryetal  to  a  gradnatcd 
circle,  which  snonld  turn  with  the  crystal. 
The  accompanying  cut  (f.  2fiU)  represents  a  reflecting  goniometer  iii:idi; 
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by  Oertling,  in  Berlin.  It  will  suffice  to  make  clear  the  general  character 
ot  the  instrument,  as  well  as  to  exhibit  some  of  the  refinements  added  for 
the  sake  of  greater  exactness. 

The  circle,  6^,  is  o^radualed,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  mav  be  made  to  minutes  and  half  min- 
utes.  The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  k ; 
this  may  be  removed  for  convenience,  but  in  its  final  position  it  is,  as  here, 
at  the  extremity  of  ihe  axis  of  the  instrument.  This  axis  is  moved  by 
means  of  the  wheel,  n ;  the  graduated  circle  is  moved  by  the  wheel,  m. 
These  motions  are  so  arranged  that  the  motion  of  n  is  independent,  its  axis 
being  within  the  other,  while  on  the  other  hand  the  revolution  of  m  moves 
both  th^  circle  and  the  axis  to  which  the  crystal  is  attached.  This  ar- 
ran^ment  is  essential  for  convenience  in  the  use  of  the  instrument,  as 
willbe  seen  in  the  coui-se  of  tlie  following  explanation. 

The  screws,  c,  <2?,  are  for  the  adjustment  of  the  crystal,  and  the  slides, 
a,  J,  serve  to  centre  it. 

The  method  of  procedure  is  briefly  as  follows  :  The  crystal  is  attached 
by  means  of  suitable  wax  at  A,  and  adjusted  so  that  the  direction  of  the 
combination-edge  of  the  two  planes  to  be  measured  coincides  with  the  axis 
of  the  instrument ;  the  wheel,  ti,  is  turned  until  an  object  {e.g.^  a  window- 
bar)  reflected  in  one  plane  is  seen  to  coincide  with  another  object  not 
reflected  {e,g.^  a  chalk  line  on  the  floor),  the  position  of  the  graduated  circle 
is  ol)Scrved,  and  then  both  crystal  and  circle  revolved  together  by  means 
of  the  wheel,  wi,  till  the  same  reflected  object  now  seen  in  the  second  plane 
again  coincides  with  the  fixed  object  (that  is,  the  chalk  line) ;  the  angle 
tlirough  which  the  circle  has  been  moved,  as  read  off  by  means  of  3ie 
vernier,  is  the  supplement  angle  between  the  two  planes. 

In  oi-der  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of 
which  the  following  aj*e  the  most  important : 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly 
stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence, 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance 
should  not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted;  this  is  so  when  the  line 
seen  reflected  in  the  case  of  each  plane  and  that  seen  directly  with  which 
it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only  when 
the  intersection  edge  of  the  two  planes  measured  is  exactly  in  the  direction 
of  the  axis  of  the  instrument,  aud  pei-pendicular  to  the  plane  of  the  circle. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection -edge  must  coincide  with  a  line  drawn  through  the  re- 
volving axis.  This  condition  will  be  seen  to  be  distinct  from  the  preced- 
ing, wh'ch  required  only  that  the  two  directions  should  be  the  same.  The 
error  arising  wlien  this  condition  is  not  satisfied  diminishes  as  the  object 
reflected  is  removed  farther  from  the  instrument,  and  becomes  zero  if  the 
object  is  at  an  infinite  distauce. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  by 
the  use  of  a  telescope,  as  t,  f.  262,  with  slight  magnifying  power.  Thig 
\&  arranged  for  parallel  light,  and  provided  with  spider  lines  in  its 
focus,       it  admits  also  of  some  adjustments,  as  seen  in  the  figure,  but 
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when  nsed  it  must  be  directed  exactly  toward  the  axis  of  the  gonionioter. 
This  telescope  has  also  a  little  magnifying  glass  {g,  f.  262)  attached  to  it^ 
which  allows  of  the  crystal  itself  being  seen  when  mounted  at  k.  This 
latter  is  nsed  for  the  first  adjustments  of  both  planes,  and  then  slipped 
aside,  when  some  distant  object  which  has  been  selected  must  be  seen 
in  the  field  of  the  telescope  as  reflected,  first  by  the  one  planft  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  the  final  adjustments 
have  been  made  so  that  in  each  case  the  object  coincides  with  the  centre  of 
the  spider-cross  of  the  telescope,  and  when  further  the  edge  to  be  measured 
has  been  centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  plane  is  smooth  and 
larg^e  enough  to  give  distinct  and  brilliant  reflections.  In  many  cases 
sufficient  accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and 
a  white  chalk  line  on  the  floor  below  for  the  two  objects ;  the  instrument  in 
this  case  is  placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to 
the  window ;  the  eye  is  brought  very  close  to  the  crystal  and  held  motionless 
during  the  measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second 
stands  opposite  the  telescope,  t  (see  figure),  the  centres  of  both  telescopes 
being  in  the  same  plane  perpendicular  to  the  axis  of  the  instrument. 
This  second  telescope  has  also  a  hair  cross  in  the  focus,  and  this,  when 
illuminated  by  a  brilliant  gas  burner  (the  rest  of  the  instrument  being 
protected  from  the  lis^ht  by  a  screen)  will  be  reflected  in  the  successive 
faces  of  the  crystal.  The  reflected  cross  is  brought  in  coincidence  with  the 
cross  in  the  fii'st  telescope,  first  for  one  and  then  for  the  other  plane.  As 
the  lines  are  delicate,  and  as  exact  coincidence  can  tak%s  place  only 
after  perfect  adjustment,  it  is  evident  that  a  high  degree  of  accuracy  is 
possible. 

Still  more  than  before,  however,  are  well-polished  crystals  required,  so 
that  in  the  majority  of  cases  the  use  of  the  ordinary  double  telescopes  is 
impossible,  v  ery  often,  however,  the  second  telescope  may  be  advantage- 
ously replaced  by  another  having  an  adjustable  slit  in  its  focus,  as  proposed 
by  Websky,  allowing  of  being  made  as  narrow  as  is  convenient ;  or,  as  sug- 
gested by  Schrauf,  the  spider-lines  of  the  second  telescope  may  be  re- 
placed by  a  piece  of  tin- foil,  in  which  two  fine  cross  lines  have  been  cut; 
these  are  illuminated  by  a  gas-burner.  By  these  methods  the  reflected 
object  is  a  bright  line  or  cross,  instead  of  the  dark  spider-lines,  and  it  is 
visible  in  the  first  telescope  even  when  the  planes  are  extremely  minute, 
or,  on  the  other  hand,  somewhat  rough  and  uneven  ;  the  image  is  naturally 
not  perfectly  distinct,  but  sufficiently  so  to  admit  of  good  measurements 
(e.ff.^  within  two  or  three  minutes). 

The  tiiird  and  fourth  conditions  are  the  most  difficult  to  fulfil  absolutely. 
In  the  cheaper  instruments  the  contrivance  to  accomplish  the  end  often 
consists  of  a  jointed  arm  so  placed  as  to  have  two  independent  motions  at 
right  angles  to  each  other,  in  the  best  instruments  the  greatest  care  and 
attention  is  paid  to  this  point,  and  a  great  variety  of  ingenious  contrivances 
have  been  devised  to  overcome  the  various  practical  difficulties  arising. 

The  cut  (f.  262)  shows  one  of  these  in  its  simpler  form.  The  crystal  ia 
approximately  adjusted  by  the  hand,  and  then  the  operation  completed  by 
means  of  the  screws  o  and  d.    These  give  two  motions  at  right  angles  tc 
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each  other,  and  the  arrangetnent  is  such  that  the  motions  are  made  on  the 
surface  of  a  spherical  segment  of  which  the  crystal  itself  occupies  the 
centre,  so  that  it  is  not  thrown  entirely  out  of  the  axis  of  the  instrument 
by  the  motions  of  the  screws.  The  adjustment  having  been  accurately 
made,  the  edge  is  centered  by  means  of  two  sliding  carriages,  cj,  J,  moving 
at  right  angles  to  each  other ;  here  they  are  moved  by  hand,  but  in  better 
instruments  by  line  screws.  The  edge  must  be  first  centered  as  carefully  as 
practicable,  then  the  complete  adjustments  made,  and  finally  again  centered, 
as  before,  to  remove  the  excentricity  caused  by  the  movement  of  the  ad- 
justment screws.  The  suc(tessful  use  of  the  most  elaborate  instruments  is 
only  to  bo  attained  after  much  patient  practice. 

Theoretical  discussions  of  the  various  errors  arising  in  measurements  and 
the  weight  to  be  attached  to  them  have  been  given  by  Kuppfer  (Preis- 
schrift  uber  genaue  Messung  der  Winkel  an  Krystallen,  1825),  also  by 
Naumann,  Grailich,  Schrauf,  and  others  (see  literature,  p.  iv). 

It  has  been  stated  that  wlieu  the  two  planes  have  been  adjusted  in  the 
goniometer  so  that  their  combination-edge  is  parallel  to  the  axis  of  the 
instrument,  the  reflections  given  by  them  will  be  parallel.  It  is  evident 
from  this  that  any  other  planes  on  the  crystal  which  are  in  the  same  zone 
with  the  two  mentioned  planes  will  also  give,  as  the  circle  is  revolved, 
reflections  parallel  to  these.  This  means  gives  the  test  referred  to  on 
p.  53,  leading  on  the  one  hand  to  the  discovery  of  zones  not  indicated  by 
parallel  interaections,  and  on  the  other  hand  showing,  in  regard  to  supposed 
zones,  whether  they  are  so  in  fact  or  not. 

Tbe  degree  of  aocnracy  and  constancy  in  the  angles  of  crystals  as  they  are  given  by  nature 
Is  an  important  subject.  OrystaUography  as  a  science  is  based  upon  the  assumption  that  the 
ftiirms  made  by  nature  are  perfectly  accurate,  and  whenever  exact  measurements  are  possible, 
supposing  the  crystals  to  have  been  free  from  disturbing  influences,  it  has  been  found  that 
this  assumption  is  warranted  by  the  facts ;  in  other  words,  the  more  accurate  the  measure- 
ments th<;  more  closely  do  the  angles  obtained  agree  with  those  required  by  theory.  An 
example  may  illustrate  this : — On  a  crystal  of  sphalerite  (zinc-blende),  from  the  Binnenthal, 
exact  measurements  were  made  by  Kokscbarow  to  test  the  point  in  question.  He  found  for 
the  angle  of.  the  tetrahedron  70^  31'  48',  required  70^  31'  44* ;  for  the  octahedral  angle 
109 "*  27  42\  required  109**  28  16'*  and  for  the  angle  between  the  tetrahedron  and  cube 
125*  15'  52',  required  126^  15'  52'.  The  crystallographic  works  of  the  same  author,  as  well 
as  those  of  muny  other  workers  in  the  same  field,  contain  many  illustrations  on  the  same 
subject.  At  the  same  time  variations  in  angle  do  occasionally  occur,  from  a  change  in 
chemical  composition,  and  from  various  disturbing  causes,  such  as  heat  and  pressure  (see 
further,  p.  107).  Farther  than  this,  it  is  universally  true  that  exact  measurements  are  in 
comparatively  few  cases  possible.  Many  crystals  are  large  and  rough,  and  admit  of  only 
approximate  results  with  the  hand  goniometer;  others  have  faces  which  are  more  or  leas 
polished,  but  which  give  uncertain  reflections.  This  is  due  in  some  cases  to  striations,  in 
others  to  tbe  fact  that  the  surfaces  are  curved  or  more  or  less  covered  with  markings  oz 
etchings,  like  those  common  on  the  pyramidal  planes  of  quartz.  In  all  such  cases  there  is  a 
greater  or  less  discrepancy  between  the  measured  and  calculated  angles. 

The  important  point  to  be  noted  always  is  the  degree  of  accuracy  attainabl**,  or,  in  other 
words,  the  probable  error.  The  true  result  to  be  accepted  is  always  to  be  obtained  by  the 
discussion  of  all  tbe  measurements  in  accordance  with  the  methods  of  least  squares.  This 
method  involves  considerable  labor,  and  in  most  cases  it  is  sufficient  to  take  the  arithmetical 
mean,  noting  what  degnree  of  weight  is  to  be  attached  to  each  measurement.  It  is  to  be  noted 
tiiat  where  measurements  vary  largely  the  probable  error  in  the  mean  accepted  will  be  con- 
siderable ;  moreover  jin  approximate  measurement  may  not  be  the  more  accurate  because  it 
hotppens  to  ag^e  closely  with  the  theoretical  angle. 

For  the  determination  of  the  symbols  of  planes,  measurement  accurate  within  80',  or  even 
l^jSre  generally  sufficient. 

When  planoii  are  xough  and  destitute  of  lustre  the  angles  can  best  be  obtained  with  thr 
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refleotizig  goniometer,  the  refleetioiui  of  the  light  from  an  object  like  a  candle-flame,  being 
token  in  p)ace  of  more  distinct  imagoes. 

For  imbedded  ciyBtals.  and  often  in  other  casefi,  meaenrements  may  be  yery  advantage- 
onsly  made  from  impreaaions  in  aome  material,  like  sealing-wax.  Angles  thus  obtained  ought 
to  be  accurate  within  one  d^^ee,  and  suffice  for  many  purposes.  It  is  sometimes  of  advan- 
iage  to  attach  to  the  planes  to  be  measured,  when  qnice  rough,  fragments  of  thin  glass,  from 
which  reflections  can  be  obtained ;  this  must,  howeyer,  be  done  with  care,  to  ayoid  consider- 
able error. 

COMPOUND,   OR  TWIN  CRYSTALS. 

Twin  cbystals  are  those  in  which  one  or  more  parts  regularly  arrranged 
are  in  reverse  position  with  reference  to  the  other  part  or  parts.  They 
often  appear  externally  to  consist  of  two  or  more  crystals  symmetrically 
united,  and  sometimes  have  the  form  of  a  cross  or  star.  They  also  exhibit 
tlie  composition  in  tlie  reversed  arrangement  of  part  of  the  planes,  in  the 
strifiB  of  the  surface,  and  in  re-entering  angles  ;  in  other  cases  the  compound 
structure  is  detected  only  by  polarized  light.  The  following  figures  are 
examples  of  the  simpler  kinds.    Fig.  263  is  a  twinned  octahedron  with 
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re-entering  angles.    Fig.  2f)3A  represents  the  regular  octahedron  divided 

into  two  halves  by  a  plane  parallel  to  an  octahedral  face  ;  the  revolving  of 

the  upper  half  around  180°  produces  the  twinned  form.     Fig.  264  consists 

of  a  square  prism,  with  pyramidal  terminations,  twinned  parallel  to   a 

diagonal  plane  between  opposite  solid  angles,  as  illustrated  in  f.  264a, 

a  representation  of  the  simple  form.     A  revolution  of  one  of  the  two 

halves  of  f.  264a  180°  about  an  axis  at  right  angles  to  the  diagonal  plane 

outlined  in  the  figure,  would  produce  the  form  in  fiff.  264. 

Crystals  which  occupy  parallel  positions  with  rererence  to  each  other, 

that  IS,  those  whose  similar  axes  and  planes  are  parallel,  are  not  pi-operly 

called  twins  ;  the  term  is  applied  only  where  the  crystals  are  united  in  their 

reversed  position  in  accordance  with  some  deducible  mathematical  law.     In 

conceiving  of  them  we  imagine  first  the  two  individuals  or  })0rti()n8  of  the 

Bame  individual  to  be  in  a  parallel  position,  and  then  a  i*evolution  of  ISO** 

to  take  place  about  a  certain  line,  as  axis,  which  will  bring  them  into  the 

twinning  position. 

An  exception  to  the  principle  in  regard  to  parallel  axes  is  afforded  in  the  case  of  hemihe- 
dral  crystals,  in  some  of  which  a  revolntion  of  ISO*'  has  the  effect  of  producing  an  apparently 
holoheidral  form,  the  axes  of  the  parts  revolyed  remaining  parallel. 
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In  aome  ottaea  i.«-g.,  hexagtouU  fonu),  Arevolnticn  of  60°  would  prodacc  the  Lwiimed 
form,  bnt  in  treating  of  the  subject  it  is  better  to  make  the  nnifoim  osaamption  of  ncevola 
tion  of  ibO',  which  will  «nawer  in  bJI  oaseo. 

It  is  not  to  be  supposed  that  twins  have  aotunlly  bMa  formed  b;  saob  n  revolatloa  of  tha 
[>arfa  of  OTjatalB.  foi  the  Cwin  is  the  result  oF  regnlar  moleoolai  growth  oi  enlargament,  Uk< 
tbnt  of  Che  simple  ciystaL  This  referenoe  to  a  reoolHtion,  and  an  am»  of  revotution,  is  onl; 
a  conrenient  means  of  describing  the  forms.  Bat  while  this  is  true,  it  is  important  to  ob- 
•erre  that  the  Intel  dednoed  to  explain  the  twinnin([  of  a  crystal  have,  from  a  luoleculai 
standpoint,  a  real  ezistenoe.  The  measnremanta  ot  Sohraof  on  twins  of  oeruasite  (Taoh. 
Hin.  Hittb.,  1873,  209)  show  the  complete  oorreBpondenae  between  the  aotnal  anglea  and 
those  required  in  accordance  with  the  law  of  twinning. 

Twinning  axis. — The  line  or  axis  abont  which  the  revolution  of  180°  in 
Bnpposod  to  take  place  ie  tilled  the  twinning-axia  (Zwillingsaxe,  Germ.\ 
or  axis  of  revohitioii. 

The  folluwing  \&w  lias  been  deduced  in  regard  to  this  axis,  upon  wtticli 
the  theory  of  the  whole  subject  depends : 

The  twinning  axis  is  always  a  possible  crystallographic  line,  usually 
cithei'  an  axis  or  a  normal  to  some  possible  crystalline  plans. 

Twinning-plane. — The  plane  noi-mal  to  the  axis  of  revolution  is  called 
the  twinning-plane  (ZwillitjgaHache,  Qejin^,  The  axis  and  plane  of  twin- 
ning bear  the  same  relation  to  both  individuals  in  their  reversed  position  ; 
consequently  (exuept  in  some  of  liemihedral  and  tricHniu  forms)  the  twin- 
ned crystals  aie  sviuraetLical  with  reference  to  the  twinning-plane, 

Oompoaition-plane. — The  plane  by  which  the  reversed  cryetals  are  united 
18  the  cojnpoaitwn-plune  or  -/ace  (ZusammensetziingsflSche,  Oej^m.),  This 
and  tlie  twinning-plane  very  commonly  coincide ;  this  is  true  of  the  simple 
examples  given  above  (f.  263,  264)  where  the  plane  about  which  the  revolu- 
tion is  conceived  as  having  taken  place  (normal  to  the  twinning  axis),  and 
tlie  plane  by  which  the  semi-individuals  arc  united,  are  identical.  \Vhen 
not  coinciding  the  two  planes  are  generally  at  right  angles  to  each  other, 
that  is,  the  compuaition  face  is  parallel  to  the  axis  of  revolution.  Examples 
of  this  are  given  bcj-ond  {p.  99).  Still  again,  where  the  crystals  are  not 
regularly  developed,  and  where  thay  interpenetrate,  and,  as  it  were,  exer- 
cise a  disturbing  influence  upon  each  other,  the  contact  surface  may  be 
interrupted,  or  may  be  exceedingly  irregular.  In  such  cases  the  axis  and 
plane  of  twinning  have,  as  always,  a  debuite  position,  hut  the  composition- 
face  haa  lost  its  significance. 

Thus  in   quartz    the  interpenetrating   parts  have  266 

often  no  rectilinear  boundary,  but  mingle  m  the  most 
irregular  manner  thronghont  the  mass,  and  showing 
this  composite  irregularity  by  abrupt  variations  of  the 
planes  at  the  surface.  Fig.  265  exhibits  by  its  shaded 
part  the  parts  of  the  plane  —  1  that  appear  over  the 
surface  of  the  planed, owing  to  the  interior  composi- 
tion. This  internal  structure  of  quartz,  found  iu  almost 
all  quartz  crystals,  even  the  common  kinds,  is  well 
brought  out  by  muans  of  polarized  light ;  also,  by 
etching  with  hydrofluoric  acid,  the  plane  —  1  and  li 
becoming  etched  unequally  on  the  same  amount  of 
exposare  to  the  acid. 

The.  twinning-plane  is,  with  rare  exceptions,  a  poe- 
sible  occurring  plane  on  the  given  species,  and  usually  one  of  the  more 


90  0BY8TALLOOBAPHT. 

freqiienf  or  fundamental  planes.  The  exceptions  occur  only  in  tlie  trlclinic 
and  raonoclinic  systems,  where  the  twinning  axis  is  sometimes  one  of  tlie 
oblique  crvstallographic  axes,  and  then  the  plane  of  twinning  normal  to  it 
is  obviously  not  necessarily  a  crystallographic  plane,  tliis  is  conspicuous  in 
albite.  In  these  cases  the  composition-face  is  often  of  more  significance 
than  the  twinning-plane,  the  former  being  distinct  and  parallel  to  the 
axis,  in  accordance  with  the  principle  stated  above. 

With  leferenoe  to  the  oomposition-face,  the  twinning  may  be  desoribed  as  taking  place  (1) 
by  a  reyolntion  on  an  aziB  at  right  angles  to  the  oomposition-face,  (2)  on  an  axis  jiandlel 
to  it  and  yertical,  (8)  by  an  axis  parallel  to  it  and  horizontal;  whether  the  revolution 
takes  place  with  tiie  right  or  left  half  of  the  crystal,  the  twin  is  right-  or  left-handed. 

One  further  principle  is  of  theoretical  importance  in  the  mathematical 
explanation  of  the  forms.  The  twinning  axis  may,  in  many  cases,  be  ex- 
changed for  another  line  at  right  angles  with  it,  a  revolution  about  which 
will  also  satisfy  the  conditions  of  prc)ducing  the  required  form.  An  exam- 
ple of  this  is  furnished  by  f .  318,  of  orthoclase ;  the  composition-face  is 
parallel  to  i-i,  the  axis  of  revolution  also  parallel  to  this  plane,  and  (a)  nor- 
mal to  i-iy  which  is  then  consequently  the  twinning-plane,  thongh  the  axis 
does  not  coincide  with  the  crystallographic  axis,  or  (J)  it  may  comcide  with 
the  vertical  axis,  and  then  trie  twinning-plane  normal  to  it  is  not  a  crvs- 
tallographic  plane.  In  other  simpler  cases  also,  the  same  principle  holds 
good,  genei-ally  in  consequence  of  the  possible  mutual  interchange  of  the 
planes  of  twmningand  composition.  In  mobt  cases  the  true  twinning-plane 
IS  evident,  since  it  is  parallel  to  some  plane  on  the  crystal  of  simple  mathe- 
matical ratio. 

An  interesting  example  of  the  above  principle  is  famished  by  the  species  staorolite. 
Fig.  307,  p.  98^  shows  a  prismatic  twin  observed  by  the  anthor  among  crystals  from  Fannin 
Co.,  Ga.     The  measured  angle  for  i-i  A  i-i'  was  70^  80' ;  the  twinning-axis  deduced  from 

this  may  be  the  normal  to  the  plane  i^,  which  would  then  be  the  twinning-plane.  Instead 
of  this  axis,  its  complementary  axis  at  right  angles  to  it  may  be  taken,  which  will  equally 

well  produce  the  observed  form.  Now  in  this  species  it  happens  that  the  planes  %-&  and  i-^ 
(over  »-i)  are  almost  exactly  at  right  angles  (90**  8')  with  each  other,  and  hence,  according  to 
this  latter  supposition,  »-d  becomes  the  twinn.ng>plane,  and  the  axis  of  reyolntion  is  normal 

to  it.  Hence,  either  i-i  or  t-3  may  be  the  twinning-plane,  either  supposition  agrees  closely 
with  the  measured  angle,  whioh  could  not  be  obtained  with  great  accuracy.     The  former 

method  of  twinning  (»-^)  conforms  to  the  other  twins  observed  on  the  species,  and  hence  it 
may  be  accepted.  What  is  true  in  this  case,  however,  is  not  always  true,  for  it  will  seldom 
happen  that  of  the  two  complementary  axes  each  is  so  nearly  normal  to  a  plane  of  the  crystal. 
In  most  cases  one  of  the  two  axes  conforms  to  the  law  in  being  a  normal  to  a  possible  plane, 
and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  is  the  true  twinning  axis. 

Contact-twiiu  and  Penetration-twins, — In  contact-twins,  when  nonnallj^ 
formed,  the  two  halves  are  simply  connate,  being  united  to  each  other  bj 
the  composition-face;  this  is  illustrated  by  f.  263,  264.  In  actually  occur- 
ring crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by  theorj-, 
but  one  may  prep(»nderate  to  a  greater  or  less  extent  over  the  other ;  in 
some  cases  only  a  small  portion  of  the  second  individual  in  the  revei-sed 
position  mav  exist.  Very  great  irregularities  are  observed  in  nature  in  this 
respect  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  ab- 
normal developments  of  one  or  other  of  the  parts,  and  often  only  an  indior 
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Flnoiite. 
I  cannot  always  be  clearly  drawr. 


tiact  line  on  some  of  the  faces  marks  the  division  between  the  twc 
individuals. 

Panetraiion-twins  are  those  in  which  two  or  more  complete  crjstala 
interpenetrate,  as  it  were  crossing  through  each  other.  Normally,  the 
crystals  have  a  common  centre,  which  is  the  centre  o£  the  axial  system  fo"- 
both ;  practicaliy,  however,  as  in  contact-twins,  great  irregnlarities  occur. 

Examples  of  these  twins  Are 

r'ven  ill    the  annexed    figures,  3M  M7 

266,  of  fluorite,  and  f.  267,  of 
hematite.  Other  examples  ocenr 
in  the  paices  following,  as,  for 
instance,  of  the  epeuiee  staitrolite, 
f.  309  to  312,  the  erjstala  of  which 
sometimes  occur  m  natnre  with 
almost  the  perfect  symmetry  de- 
manded by  theory.  It  is  obvi- 
ous tJmt  the  distinction  between 
contact  and  penetration-twins  is 
not  a  vcr\'  important  one,  and  the  lini 
between  tlicni, 

Parayenic  and  Metagenio  twins. — The  distinction  of  paragenic  and 
meti^nic  twins  belongs  rather  to  crystallogeiiy  than  crystallography.  Yet 
tiie  nirms  are  often  so  obviously  distinct  that  a  brief  notice  of  the  dis- 
tinction is  important. 

In  ordinary  twins,  the  compound  structure  had  its  beginning  in  a  nnclesl 
cORijwLii'.d  molecule,  or  was  compound  in  its  very  origin  ;  and  whatever 
inequalities  in  the  result,  these  are  only  irregularities  in  the  development 
from  SLidi  a  nucleus.  But  in  othei-s,  the  crystal  was  at  fii-st  simple  ;  and 
afterwards,  thnmgh  some  change  in  itself  or  in  the  condition  of  the  mate- 
rial supplied  for  its  increase,  received  new  layers,  or  a  continuation,  in  a 
revei-sed  position.  This  mode  of  twinning  is  metagenio,  or  a  result  subse- 
quent to  the  origin  of  the  crystal ;  while  the  ordinary 
mode  is  paragenic.     One  form  of  it  is  illustrated  in  '"'° 

f.  26S.  Tlie  middle  portion  had  attained  a  length 
of  half  an  inch  or  more,  and  then  became  genicu- 
lated  siuiuttaneously  at  either  extremity.  Those 
genicnlations  are  often  repeated  in  rutife,  and  the 
ends  of  the  crystal  are  tlius  bent  into  one  another,  and 
occaaioiuilly  produce  nearly  regular  prismatic  forms. 

This  metajienic  twinning  is  sometimes  presented 
by  tiie  successive  layers  of  deposition  in  a  crysttil, 
as  in  sonic  quartz  crystals,  especially  amethyst,  the 
inseparable  layers,  exceedingly  thin,  being  of  oppo- 
site kinds.  So  catcite  crystals  are  sometimes  made 
a)i  of  twinned  layers,  which  are  due  to  au  oscillatory 
process  of  twinning  attending  the  progress  of  the 
crystal  In  a  similar  manner,  crystals  of  the  triclini 
etc.,  are  often  made  up  of  thin  plates  parallel  to  i-l,  by  oscillatory  compo- 
sition, and  the  face  O,  accordingly,  is  finely  striated  parallel  to  the  eag« 


I  feldspars,  albite, 
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Repeated  twinning, — In  the  precedinf?  paragraph  one  case  of  repeated 

twiiiiiirig  hoa  been  mentioned,  that  of  the  feldapat-s ;  it  is  a  case  of  jwroTW 
ix!i>elitioii  or  parallel  grouping  of  the  successive  crystals.  Another  kind  is 
that  which  is  illustrated  by  f,  295,  297,  311,  where  the  successively 
reversed  individuals  are  not  parallel.  In  this  case  the  axes  may,  however, 
lie  in  a  ;ione,  as  the  prismatic  twins  of  aragonite,  or  they  may  lie  inclined 
to  each  other,  as  in  f.  311,  of  atani-olite.  In  all  such  cases  whei-e  the  rcpeti> 
tioii  of  the  twinning  tends  to  pi-odnce  circular  forms,  as  f.  281,  of  rutile,  the 
nniaber  of  individuals  is  ei^nal  to  the  number  of  times  the  angle  between 
the  two  axial  systems  is  contained  in  360°.  For  example,  tive-fold  twins 
occnr  in  the  tetrahedixms  of  gold  and  sphalerite,  since  5  x  70°  32'  (the  tetra- 
hedriil  angle)  =  360°  (approx.^.  A  cotnpound  crystal,  when  thei-e  are  three 
individuals,  is  (yiUed  a  TriUtng  (Drilling,  Germ.),  where  there  are  four 
individuals,  a  Fourling  (Vierling,  Oerm.),  etc,     (See  iilso  on  p.  186.) 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  of  rare  iH^cnrrence ;  an  excellent  example  is  afforded  by  stauro- 
lite,  f.  313.  They  have  also  been  observed  od  alhlte  (f.  333),  orthoclaee, 
clialcDcite,  and  in  other  less  distinct  cases. 


Ikamples  of  different  methods  of  Twinning* 

IsoMETRio  System. — With  few  exceptions  the  twins  of  this  system  are  ol 
one  kind,  the  twinning  axis  an  octahedral  axis,  and  the  twinning  piano 
oonseqiicnrly  an  octanedral  plane ;  in  most  cases  also  the  latter  coincidei 


Qalsnite,  Sphalerite.  Qalenita. 

with  the  composition-face.  Fig.  263  shows  this  kind  as  applied  to  tlie 
simple  octahedron,  it  is  especially  wjmmon  with  the  spinel  group  of  min- 
erals ;  similarly,  f.  269,  a  moi-e  complex  form,  and  also,  f.  270,  a  dodeca- 
licdi-on  twinned  ;  all  these  are  contact  twins.  Fig.  271  is  a  penetration 
twin  following  the  same  law  ;  the  twinning  being  repeated,  and  the  form 
flattened  parallel  to  an  octahedral  face.     Fig.  266,  p.  91,  shows  a  twin  of 

*  A  complete  eoameiatioti  oF  the  differeat  methodB  at  twinnlcg  obserrad  nnder  the  diffor- 
ent  sjFitemB,  with  detailed  doscriptdoua  and  maoy  fibres,  will  be  found  in  Vol.  II.  of  Roi*' 
Builobeok'n  Or7»tallo«Taphf  (AoKevruidte  Krrtt«Uo|^4)ble,  384  pp.,  Srr,  Beriin,  VS7i). 
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flaorite,  two  intenienetrsting  cubes ;  f.  372  exhibits  a  dodccabedral  twin 
of  Bodalite  occurimg  in  nature  of  almoat  ideal  symmetry,  and  f.  273  is  a 
tetrahedral  twin  of  tlie  species  tetrahedrite  ;  the  same  law  is  true  for  alL 


Fi(^.  274,  275,  276,  are  twins  whoae  axes  are  parallel ;  these  forms  are 
possible  only  with  liemihedral  crystals.  The  twinning  axis  ie  here  a  dode- 
cahedral  aids  and  the  twiiming  plane  a  dodecahedral  plane.    The  same 


Pyrite. 


Magnetite. 


method  of  composition  is  often  seen  in  dendritic  crystaUizations  of  native 
gold  and  copper,  in  which  the  angle  of  divergence  of  the  branches  is  60° 
and  120°,  the  interfacial  angles  of  a  dodecahedron.  The  brownish-black 
mineral  in  tlie  mica  from  Pennsbury,  Pa.,  is  magnetite  in  this  form  (f.  277), 
ns  first  observed  by  G.  J.  Bmsh. 

TBrBAGONAL  SYSTEM. — The  most  common  method  is  that  where  the  twin- 
nlng-plane  is  parallel  to  \-i.  It  is  especially  characteristic  of  rutile  and 
cassiterite.  This  ia  illustrated  in  f.  264  and  similarly  in  f.  278.  Fig.  268 
shows  a  similar  twin  of  rntile,  and  in  f.  281  to  2S3  the  twinning  according 
to  this  law  ia  repeated.  In  f.  2S1  the  vertical  axes  of  the  successive  six 
individuals  lie  in  a  plane,  and  an  enclosed  circle  is  the  result ;  in  f.  282  the 
successive  veitical  axes  form  a  zig-zag  line ;  there  are  here  four  individuals, 
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add  four  more  behind,  the  last  (VIII)  uniting  with  the  first  (1),  wid  let  it 
be  developed  vertically,  and  the  complex  form  produced  results  in  the 
Bcalenohodi-on  twin  of  f.  283.     In  chalcopjrite,  the  octahedron  i,  which  il 


very  near  a  regular  octahedron  in  angle,  may  be  the  twinning-plane,  and 
forms  are  thus  produced  very  similar  to  f.  263.  With  hemihedral  forma 
twinning  may  take  place  as  snown  in  f.  280,  where  ^e  axis  of  revolution 


IB  a  diagonal  axis,  and  the  planeof  twinning  the  prism  I.  It  is  not  altraya 
indicated  by  a  re-entering  angle,  but  is  sometimes  only  shown  by  toe 
oblidue  Btriations  in  two  directions  meeting- in  the  line  of  contact. 


Another  mode  of  twinning  is  that  occurring  in  lencite,  observed  by  vom 
Rath,  who  showed  the  species  to  be  tetragonal.  The  twinning-plane  is  here 
2-*.     (Jalirb.  Min.,  1873,  113.) 
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lUxAOOHAL  Stbtbm. — lo  the  holohedral  divieioD  of  this  Bjatem  twins  are 
rare.  An  example  is  farniehed  by  pyrrhotite,  f.  284,  where  the  twinning, 
plane  is  the  pyramid  1,  the  vertical  axes  of  the  individnal  cryetals  being 
nearly  at  right  angles  to  eaeh  other  (0  A  1  =  136°  8").  Another  example 
is  tridymite  *  (see  p.  2S8),  where  the  twioning-plane  is  either  the  pyramid 
lorf. 


In  the  species  of  the  rhombohedral  division  twins  are  numerous;  the 
ordinary  motliods  are  the  following:  the  twinning- plane  the  rhorabohe- 
dron  a,  f.  285  ;  the  rhorabohedron  —  2Ii,  f,  288  ;  the  rhorabohedron  — 4/f, 
f.  286,  The  last  mentioned  method  is  common  in  masses  of  calcite,  where  by 
its  frequent  repetition  it  gives  rise  to  thin  lamelise  j  these  are  observed 
often  iu  crystallme  limestones.    (See  p.  173.) 


CMdt«.  Caldta.  Pjnagjiiie. 

The  twintiing-plane  may  also  be  tho  basal  plane,  the  axis  of  revolntion 
consequently  the  vertical  axis.  This  is  illnstrated  in  f.  287,  a  complex 
penetration  twin  of  chabazite,  also  f.  267  (hematite),  and  in  f.  289,  290, 
It  is  also  common  with  quartz,  the  two  crystals  sometimes  distinct,  and 
joined  by  a  prismatic  plane,  sometimes  interpenetrating  each  other  veij 
irregularly,  as  shown  in  f.  265. 

■  O.  rom  Bath,  Vogg.  Ann.,  oxzxt.  437 ;  oUL  1. 
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OBTnoBDOMBic  System. — In  the  orthorhoinbic  system  twins  are  exceed 
iiigly  common,  and  the  variety  of  methods  is  very  great.  These  may,  how 
ever,  be  broiiglit  into  two  groups,  according  as  the  twinning-plane  is  (1)  a 
piisniatic  plane,  vertical  or  horizontal,  or  (2)  au  octahedral  plane.  The 
twinning  is  very  often  i-epeated,  and  always  in  accordance  with  the  law 
already  stated,  that  the  number  of  individuals  is  determined  by  the  number 
of  times  that  the  angle  of  the  two  axial  systems  is  contained  in  360^ 

(a)  Twinning  parallel  to  a  prism  whose  angle  is  approximately  120*^. 

1.  Prisra  vertioaJ^, — The  principal  examples  are  aragonite,  I  ^  I  =z  116® 
10';  cerussite,  7  A  /  =  117"  13';  witherite,  /A  /  =  118°  30';  bromlite, 
/  A  /  =  118°  50';  chalcocite, / A  I  =  119°  35';  stephanite,  /A  /  =  115° 
39' ;  dyscraaite,  /A  /  ==  119°  59'.  Figs.  291,  292,  represent  twins  of  am- 
gonite  in  accordance  with  this  la^'.  Figs.  293,  294,  show  cix)ss-section8  of 
the  two  prisms  of  the  preceding  figures,  in  the  latter  the  fonn  is  hexagonal, 
though  not  regularly  so.    Fig.  295  is  a  cruciform  twin  of  the  same  species. 


291 


293 


293 


295 
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An^fcmito* 


Aragonite. 


Aragonite. 


2.  Primh  horizontal ;  that  is,  a  macrodome. — Examples :  arsenopyrite, 

14  A  1-i  =  120°  46' ;  leadhillite,  l-{  A  1-5  =  119°  20' ; 
humite,  tvpe  I. 

3.  Prism  Iwrizontal ;  that  is,  a  bi-achydome. — 
Examples :  manganite,  l-i  A  l-i  =  122°  50  (f.  296) ; 
chiTsoberyl,  3  i  A  3-1  (f.  300)  =120°  13' ;  cohimbite, 
2-rA2-«  =  117°  20'. 

In  all  these  cases  there  is  a  strong  tendency  toward 
repetition  of  the  twinning,  by  which  forms  often  stel- 
late, sometimes  appai-ently  hexagonal,  result.  These 
forms  are  illustrated  in  the  following  figures  :  f.  297 
is  of  witherite;  f.  298  a  crystal  of  leadhillite,  in  its 
twinned  foi*ra  of  very  rhombohedral  aspect.  Fiffs. 
299  and  300  are  both  chrysoberyl,  where  3-i  is  tlic 
twinning-plane ;  six-rayed  twins  are  very  common  in 
this  species. 
The  genesis  of  these  forms  is  further  illustrated  by  the  following  croes- 


Man^ranite. 
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seetioiiB.    Kig,  301  bIiowb  a  croas-eeotioD  of  a  cernssite  twiu,  and  f.  i 
of  the  crystal  of  leadhillite  fignred  above  (f.  298). 


W 
i  oue 


In  f.  303,  three  rhombic  priBma,  /,  of  arsgonite,  are  combined  abont  their 
acate  anj^les,  the  dotted  lines  showing  the  ontlinea  of  the  prisma,  and  the 
cross  lining  the  direction  of  the  bracnydiagonal ;  and  in  f.  304,  four  are 
similarly  united.     In  f.  305.  three  similar  pnams,  /,  are  combined  abont  the 


obtnae  angle.  This  twin  combination  may  take  the  form  of  a  hexafional 
priBra,  with  or  withont  re-entering  angles ;  of  a  three-rayed  twin,  like  f. 
801,  and  if  a  penetration-twin,  of  a  composite  prism,  like  f.  306  (the  nnm- 
bering  of  the  parts  showing  the  relation),  or  a  aix-rayed  twin.  In  all  these 
cases  the  ateljate  form  depends  on  the  oxteuaion  of  the  individuals  beyond 
the  normal  limits. 

(})  Prismatic  angle  approximately  that  of  the  regular  octahedron,  109' 
98  ,    An  example  la  famished  by  the  species  atanrolite  (f.  307),.  where  th 
7 
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twinn'mg-plane  ie  i^,  and  the  cotreBponding  prismatic  angle  is  109°  14* 
(over  i4,  or  70°  46'  over  «-*). 
Another  example  ie  fnmished 
by  inarcaette,  whose  prismatio 
angle  is  106°  5'.  The  twins 
are  generally  compound,  the 
repetition  with  the  twinning- 
plane  Bonietimes  parallel, 
sometimes  obliqne,  see  p.  247 
In  f.  808  the  compound  crys- 
tal conftiets  of  five  individnala, 
since  five  times  73°  55'  is  ap- 
proximately equal  to  860°. 
(o)  Prismatic  angle  approximately  90°.  Examples  are  furnished  by 
bournonite,  7  A  /  =  91°  12',  see  p.  254,  and  stanrolite.  In  the  latter  case 
the  twinnine-plane  ia  a  brachydome,  |-I,  and  the  angle  is  91°  18' ;  the  form 
is  shown  in  i.  309,  it  being  that  of  a  nearly  rectangular  cross.  See  also 
phillipsite,  p.  345. 

2,  The  twinning-plane  may  be  also  an  octahedral  plane.  An  excellent 
example  ia  furnished  by  stanrolite,  where  the  twinning-plane  is  |4  (f ■  310). 
The  crystals  cross  at  angles  of  nearly  120°  and  60°,  hence  the  form  in  f, 
311,  consietinp;  of  three  individuals  (trilling)  forming  a  six-rayed  star.  In 
i.  312  both  this  method  of  twinning  and  Uiat  mentioned  above  are  com* 


StanroUte 
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bined.  There  are  thns  for  the  species  stanrolite  three  methods  of  twin- 
ning, parallel  to  i-|,  to  }-i,  and  to  f-L  If  tlie  occurring  prism  is  made  i-f, 
then  the  three  twmning-planea  become  /,  1-i,  1,  or  fundamental  planes,  at 
ie  usually  true. 

MuNooi.iNio  SYSTEM. — The  following  examples  comprise  the  more  com- 
monly occurring  methods  of  twiiming  in  this  system. 

(a)  The  twinning-plane  is  the  orthopinacoia  (i-i).  This  is  tnie  in  the 
case  of  the  common  twins  of  orthoclase  (f.  SIS),  called  the  Ca/rUbad  iwinf. 
The  axis  of  revolution  is  normal  to  i4  (see  also  p.  90),  while  the  two 
crystals  are  nnited  by  the  clinopinacoid,  which  ia  consequently  the  compo- 
sition-face. These  twins  may  be  either  right-  or  left-banded  {f.  318  or 
f.  319),  neoording  as  the  right  or  left  half  of  the  simple  form  (f.  817)  hu 
been  revolved. 
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Fig.  318,  of  pyroxene,  is  another  familiar  example ;  so  also  f .  814,  of  whicb 
F.  315  is  tlio  simple  form.  Fig,  320  is  a  twin  of  Bcoleotte,  where  the  twin 
strnctnre  in  shown  by  the  Btriattona  on  the  clinopinacoid. 


Amphnrale. 


Sooleoita. 


^^ 


A  form  of  penetration-twin,  with  it  the  twinning-plane,  is  shown  in 
f.  321  (from  von  Latig).     The  mode  of  combi- 
nation and  croBB- penetration  of  the  two  urjstals 
1 ,  3,  ia  illnstrated  in  f.  322 ;  it  is  a  medial  section 
of  f.  331  fi-om  front  to  hfu^. 

(b)  The  twinning-plane  may  also  be  the 
basal  plane.  This  is  common  witli  orthoclase 
(f.  82i);  also  with  g:)'psnm  (f.  323).  It  has 
iilso  been  observed  by  the  author  in  chondro- 
dite,  type  II  and  III,  from  Brewster,  N.  T.,  see 
)).  305. 

(c)  Figa.  325,  320,  827  show  another  method 
of  twinning  of  orthoclase  parallel  to  the  clino- 
dome,  24.  These  twins  are  peculiar  in  that 
they    form    nearly    rectangular  prisms,    since 

(>  A  2-t  =  135°  3J  .  They  are  common  among  the  orthoclase  crystals  fj-om 
Jjaveno,  and  hence  are  ijalled  Baveno  twina.  This  method  of  twinning  ia 
also  common  with  the  amazon-stone  of  Pike's  Peak. 

The  union  of  four  crjstals  of  thift  kind  produces  the  form  represented  in 
f.  325;  and  the  same,  by  penetration,  develops  the  penetration -twiu  of 
f.  327  (from  v.  Rath),  which  appai-ently  consists  of  fonr  pairs  of  twins,  bnt 
may  be  regarded  as  made  by  tlie  ci-oss-penet ration  of  the  crystals  of  two 
pairs,  or  of  tlie  four  of  f.  325. 

Forms  like  f,  325  may  have  one  of  the  four  parts  nndeveloped  and  so 
consist  of  three  united  crystals,  and  also  the  other  parts,  as  in  such  com 
ponnd  twins  generally,  may  be  very  unequal. 

Twins  corresponding  to  those  of  the  orthorhombic  ayatem,  where  the 
twinning-plane  is  a  prism  whose  angle  is  nearly  120°,  have  been  observed 
by  voiti  Itath  in  humite,  typea  II  and  III. 

Tbici.ikio  ststku.— In  the  twins  of  the  triclinic  system,  the  three  axe< 
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may  be  axes  of  revolution,  in  which  case  the  twinning-planee  an;  not  occur 
ring  crjetallographic  pianos ;  or,  tho  pinacoid  planes  may  be  the  planes  oi 
twinning  and  the  normals  to  them  the  axes  of  revolution.  Some  of  the 
caaes  are  illuatrated  in  the  following  figures  of  albite.  Id  f.  339  the 
biachy  pinacoid  (i-'C)  is  the  twinning-plaiie ;  f.  328  is  the  same,  bnt  it  is  s 
penetration-twin ;  this  is  the  most  common  method  of  twinning  with  thii 
species. 


In  f,  333  the  vertical  axis  is  the  t winning-axis.  Fig.  333  (from  G.  Boee) 
la  a  double  twin,  the  two  halves  of  which  are  like  f.  328,  but  they  are 
twinned  together  like  f.  333.     It  happens  in  albite  that  the  plane  angles 


on  i-{,  made  by  the  edges  I A  O  and  /A  1  differ  bnt  37'  (the  former  beinc 
tl6'  26',  the  latter  115°  55'),  and  hence  it  is  that  in  the  twin  O  and  1  faO 
nearly  iiit«  one  plane. 


rWIH  0BT8TAL8. 


101 


Oomposition  parallel  to  O^  where  the  revolntion  is  on  a  horizontal  axia 
normal  to  the  shorter  diagonal  of  O^  is  ex< 
emplified  in  f.  334  (from  O.  Bose).  Both 
rigfit-  and  left-handed  twins  of  this  kind 
occur;  also  double  twins  in  which  this 
method  is  combined  with  twinning  (like 
that   in  f .  329,  330),  parallel  to  iri. 

A  thorough  discussion  of  the  method  of 
twinning  in  the  triclinic  system  has  been 
given  by  Schrauf  in  his  monograph  of  the 
species  brochantite  (Ber.  Ak.,  wien,  Ixvii.,  275, 1873), 


An>ite. 


Regulas  Gboupiko  of  Cbystals. 

Coimected  with  the  subject  of  twin  crystals  is  that  of  the  parallel  posi- 
tion of  associated  crystals  of  the  same  species,  or  of  different  species. 
Crystals  of  the  same  species  occurring  together  are  very  commonly 
in  parallel  position.  In  this  way  large  crystals  are  sometimes  built  up  of 
smaller  individuals  grouped  together  with  corresponding  plunes  parallel. 
This  parallel  grouping  is  often  seen  in  crystals  as  they  fie  on  the  support- 
ing rock.  On  glancing  the  eye  over  a  surface  covered  with  crystals,  a 
reflection  from  one  face  will  often  be  accompanied  with  reflections  from  the 
corresponding  face  in  each  of  the  other  crystals,  showing  that  the  crystals 
are  throughout  similar  in  their  positions. 

Crystals  of  different  species  often  show  the  same  tendency  to  parallelism 
:n  mutual  position.  This  is  true  most  frequently  of  species  which,  from 
similarity  or  form  and  composition,  are  said  to  be  isomorphous  (see  p.  199). 
Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  sometimes  an 
example  of  this;  crystals  of  hornblende  and  pyroxene,  and  of  various  kinds 
of  mica  are  also  at  times  obsei^ed  associated  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occui-s  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes 
of  the  latter.     Breithaupt  has  figured  crystals  of  calcite,  whose  rhombo- 
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hedral  faces  (—  ^R)  had  a  series  of  qaartz  crystals  upon  them,  all  in 
parallel  position  (f.  335);  and  Frenzel  and  vom  Rath  have  described  the 
same  association  where  three  such  quartz  crystals,  one  on  ea<;h  rhombo 
liedral  face,  entirely  enveloped  the  calcite,  and   uniting  with  re-entering 


.  1  OS  CBTSTALLoaiUPHT. 

tLDffles  formed  peeudo-twins  (rather  trilUnge)  of  qnKrtz  aftei  calcite.  Tbe 
aiiUior  baB  described  a  similar  occurreDce  from '*  Speciineu  Mountaiu,"  in 
the  YcUowBtone  Park ;  the  form  is  shown  io  f.  336.  (Am.  J.  Scl,  IIL, 
xil.,  1876.) 

IBRBOniiARniES  OF  CRYSTAEf. 

The  laws  of  oryetallization,  when  anmodiSed  by  extriusic  eanaea,  should 
pi-oduce  forma  of  exact  symmetry;  the  angles  being  not  only  eqnal,  but 
also  the  homologouB  fauea  of  crystals  and  tlie  dimeneioiie  in  tbe  directions 
of  like  axes.  This  symmetry  is,  however,  so  uiicoiimion,  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  Crystals  are  veiy 
generally  distorted,  and  often  the  fundamental  forms  are  so  completely  dis- 
guised, tliat  an  intimate  familiarity  with  the  possible  irregularities  is  re- 
quired in  order  to  anravel  their  oumplexities.  Even  the  angles  may 
occasionally  vary  rather  widely. 

The  irregularities  of  crystals  may  be  treated  of  mider  several  beads :  1, 
Imperfections  of  surface  /  2,  Variations  of  form,  and  dimensioTis ;  8, 
Vernations  of  angles  i  4,  Internal  imjperfeetioTia  and  impurities. 

I.   luPKRFECnONS   IK   THE   SuBFACE3  OP  CbYBTALB. 

1.  Striations  or  angular  elevations  arising  from  osoillatorg  combintMr 
tions. — Tiie  parallel  lines  or  furrows  on  tbe  surfaces  of  crystals  are  called 
stricB,  and  such  surfaces  are  said  to  be  atriateii. 

Each  little  ridge  on  a  striated  svii-face  is  enclosed  by  two  nan-ow  planes 
more  or  less  regular.  These  planes  often  corre8p<md  in  position  to  diffei^ 
eiit  planes  of  tbe  crystal,  and  wo  may  suppose  tbeee  ridges  to  have  been 
formed  by  a  continued  oscillation  in  tbe  operation  of  tbe  eauses  that  give 
rise,  when  acting  uninterruptedly,  to  enlarged  planes.  Rs  this  means,  tho 
surfaces  of  a  crystal  are  marked  in  parallel  lines,  with  a  snccession  <if  nar- 
row planes  meeting  at  an  angle  and  constitutitur  tlie  ridges  referred  to. 

Thip  combination  of  different  planes  in  tbe  foruia- 

337  tion  of  a  sui'face  has  been  termed  oscillatory  comr- 

hination.    Tbe  horizontal  stories  on  prismatic  crystals 

of    quartz    are    examples  of    this  combination,   ii' 

which  the   oscillation  has  taken  place  between  the 

prismatic   and   pyramidal  planes.     As   tbe   crystals 

lengthened,  there  was  apparently  a  continual  effort 

to  assume  the  terminal  pyramidal  planes,  which  cft'oi-t 

was  interruptedly  overcome  by  a  stivug  tendency  to 

an  increase   in  the  length   of   tbe  prism.      In  this 

manner,  crystals  of  quartz  are  often  tapered   to  a 

point,  without  the  usual  pyramidal  terminations. 

Msgnetit*.  Otlierexainpiea  are  the  striation  on  tbe  cubic  faces 

of  pyrite  parallel  with  tbe  intersections  of  tbe  cube 

with  tbe  planes  of  tbe  pyritobedron ;    alfit>  the   striations  on    magnetite 

(f .  837)  due  to  the  oscillation  between  the  octahedron  and  dodecal  udron. 
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PriBins  of  tounnaliue  are  very  commonly  bouuded  vertically "bjr  three  convex 
BurfacuB,  owing  to  an  oscillatory  combination  of  the  planes  /and  i-2. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  lesi 
distinct,  due  sometimes  also  lo  oscillatory  combination.  Octahedrons  of 
fluorite  are  common  whi(*.h  have  for  each  face  a  surface  of  minute  cubes, 
proceeding  from  an  oscillation  between  the  cube  and  octahedi'on.  This  is 
a  common  cause  of  druay  surfaces  with  the  crystals  of  many  minerals. 

2.  Stridtionsfram  osciUatortf  composition. — The  striations  of  the  plane 
O  of  albite  and  other  triclinic  Jeldspai'S,  and  of  the  rhombohedral  surfaces 
some  calcite,  have  been  attributed,  on  p.  91,  to  oscillatory  twinning. 

3.  Markings  from  erosion  and  other  causes. — It  is  not  uncommon  that 
the  faces  of  crystals  are  uneven,  or  have  the  crystalline  structure  developed 
as  a  consequence  of  etching  by  some  chemical  agent.  Cubes  of  galeuite 
ure  often  tiius  uneven,  and  crystals  of  lead  sulphate  or  lead  carbonate  are 
someTimes  present  as  evidence  with  regard  to  the  cause.  Crystals  of  numer- 
ous other  species,  even  of  corundum,  spinel,  quartz,  etc.,  sometimes  show  the 
same  result  of  partial  chan^  over  the  surface -r often  the  incipient  stage  in 
a  pi*ocess  tending  to  a  tiuai  removal  of  the  whole  crystal.  Intei'esting  in- 
vestigations have  been  made  by  various  authors  on  the  action  of  solvents  on 
difPereut  minerals,  the  actual  structure  of  the  crystals  being  developed.in 
this  A'ay.     THese  are  referred  to  again  in  another  place  (p.  122). 

The  markinop  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  etchings,  as  well  as  the  minute  angular 
elevations  upon  the  planes,  are  a  part  of  the  original  molecular  growth  of 
the  crystal,  and  often  serve  to  snow  the  successive  stages  in  its  history. 
They  are  the  imperfections  arising  from  an  interrupted  or  disturbed  de- 
velopment of  the  form,  the  perfectly  smooth, and  even  crystalline  faces 
beiui^  the  result  of  completed  action  free  from  disturbing  causes.  Ex- 
amples of  the  marking  referred  to  occur  on  the  crystals  of  most  minerals, 
and  conspicuously  so  on  the  pyramidal  planes  of  quartz. 

The  development  of  this  subject  belongs  rather  to  crystallogeny  ;  refer- 
ence may,  however,  be  made  here  to  the  momoii-s  of  Scharff,  bearing  on 
this  subject,  especially  one  entitled  "  Ueber  den  Quarz,  II.,  die  Ueber- 
^angsflacheu,"  Frankfort,  1874 ;  also  to  the  Crystallography  of  Sadebeck 
^or  title  see  Intix)duction). 

It  follows  from  the  symmetry  of  crystallization  that  like  planes  should 
be  physically  alike,  that  is  in  regard  to  their  surface  character ;  it  thus 
often  happens  that  on  all  the  crystals  of  a  species  from  a  given  locality,  or 
perhaps  from  all  localities,  the  same  planes  are  etched  or  roughened  alike. 
For  example,  on  crystals  of  datolite  from  Bergen  Hill,  the  plane  —  2-i 
is  almost  uniformly  destitute  of  lustre ;  there  is  much  uniformity  on  the 
crystals  of  quartz  in  this  respect. 

4.  Curved  surfaces  may  result  from  (a)  oscillatory  combination  ;  or  (b) 
Bome  independent  molecular  condition  producing  curvatures  in  the  laminsB 
of  the  crvstal ;  or  {c)  from  a  mechanical  cause. 

Curved  surfaces  of  the  first  kind  have  been  already  mentioned,  p.  102. 
A  singular  curvature  of  this  nature  is  seen  in  f .  339,  of  calcite  ;  and  another 
in  the  same  mineral  in  the  lower  part  of  f.  338,  in  which  traces  of  a  scaleuo^ 
hedral  form  are  apparent  which  was  in  oecillatorj  combination  with  die 
prismatic  form. 
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Onrvatures  of  the  geeoTid  kind  sometinaefl  have  all  the  facee  convex.  Thia 
Is  the  case  in  crystata  of  diamond  (f,  340),  some  of  which  are  almoet 
epheroa.  Tlie  mode  of  cnrvature,  in  which  all  the  faces  are  equally  con- 
vex, is  lees  common  than  that  iu  which  a  convex  surface  is  opposite  and 
parallel  to  a  corresponding  concave  Biirface.  Rhorabohedrons  of  eiderite 
(see  p.  4031  are  usually  thus  carved.  The  feathery  curves  of  froet  on  win- 
dows and  tno  flawing  atouee  of  pavements  in  winter  are  other  examples  of 
curves  of  the  second  kind.  The  alabaster  rosettes  from  the  Hammoth 
Cave,  £y.,  are  similar. 


A  third  kind  of  curvature  is  of  msehfmioal  ortam.    In  many  speciee 
crystals  appear  as  it  they  had  been  broken 
^'  transvei'sely  into  many  pieces,  a  slight  dis- 

placement of  which  has  given  a  curved  form 
to  the  prism.  This  is  commun  in  tourmaline 
and  beryl.  The  beryls  of  Monroe,  Conn., 
often  present  these  interrnpted  cnrvatiires, 
as  represented  in  f.  341. 
Beijl,  Monroe,  Conn.  ,  Crystals   not  un frequently  occur  with  a 

deep  pyramidal  depression  occupying  the 
place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and  sulphur. 
This  is  due  in  part  to  tlieir  rapid  growth. 

n.  Tabiations  nt  the  Fobus  and  DofsHBioire  of  Cbtbtals. 

The  simplest  modification  of  form  in  crystals  coneists  in  a  simple  variar 
tion  in  length  or  bi-eadth,  without  a  disparity  in  similar  secondary  planes 
The  distortion,  however,  extends  very  generally  to  the  secondary  planes, 
especially  when  the  elongation  of  a  crystal  takes  place  in  the  direction  of  a 
diagonal,  instead  of  the  crystallographic  axes.  In  many  instances,  one  or 
more  planes  are  obliterated  by  the  enlargement  of  others,  proving  a  ar-r,ree 
of  much  perplexity  to  the  student.  The  interfacial  angles  remain  constant, 
unaffected  by  these  variations  in  form.  These  changes  in  form  (iften  give 
rise  to  what  is  called  by  Sadebeek  vaeudo-nyrmnetry  ;  the  distorted  forms 
of  one  system  appearing  similar  to  ttie  normal  forms  of  another.  (Compare 
tiie  descriptions  of  the  following  figures.)     As  most  of  the  difficulties  in  th« 

*  See  p.  188  for  another  use  of  this  word. 
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Btudy  of  crystals  arises  from  these  distortions,  this  subject  is  one  oi  great 
importance. 

r  igs.  342  to  353  represent  examples  from  the  isometric  system. 

A  (Mbe  lengthened  or  shortened  along  one  axis  becomes  a  right  square 

rism,  and  if  varied  in  the  direction  of  two  axes  is  changed  to  a  rectangu- 
ar  prism  Cubes  of  pyrite,  galenite,  fluorite,  etc.,  are  generally  thus  dis« 
tort^  it  is  very  unusaal  to  mid  a  cubic  crystal  that  is  a  true  symmetrical 
cube.  In  some  species  the  cube  or  octahedron  (or  other  isometric  iorm)  is 
lengthened  into  a  capillary  crjstal  or  needle,  as  happens  in  cuprite  and 
pynte. 

An  OQtshedron^^att&ned  parallel  to  a  face,  or  in  the  direction  of  a  trigonal 
interaxis,  is  reduced  to  a  tabular  crystal  (f.  342).  If  lengthened  in  the 
same  direction,  it  takes  the  form  in  f.  343  ;  or  if  still  farther  lengthened 
to  the  obliteration  of  A^,  it  becomes  an  acute  rhombohedron  (same  Igure). 
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When  an  octahedron  is  extended  in  the  direction  of  a  line  between  two 
oppopito  edges,  or  that  of  a  rhombic  interaxis,  it  has  the  general  form  of 
a  rectangular  octahedron ;  and  still  farther  extended,  as  in  f .  344,  it  is 
changed  to  a  rhombic  prism  with  dihedral  summits  (spinel,  fluorite,  magne- 
tite).   The  figure  represents  this  prism  lying  on  its  acute  edge. 

The  dodecahedron  leugthened  in  the  direction  of  a  diagonal  between  the 
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obtuse  solid  angles,  that  is,  that  of  a  trigonal  interaxis,  becomes  a  six- 
sided  prism  with  three-sided  summits,  as  in  f.  345  ;  and  shortened  in  the 
same  direction  is  a  short  prism  of  the  same  kind  (f.  346).  Both  resemble 
rhombohedral  forms  and  are  common  in  garnet  and  ziiic  blende.  When 
lengthened  in  the  direction  of  one  of  the  cubic  axes,  it  becomes  a  square 
prism  with  pyramidal  summits  (f.  347),  and  shortened  along  the  same  axil 
it  is  reduced  to  a  square  octahedron*  with  truncated  basal  angles  (f.  348).    ^ 
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The  trapezohedron  is  still  more  disguised  by  its  distortions.  Wlien  eloii- 
ffated  111  the  line  of  a  trigonal  interaxis,  it  assumes  the  form  in  f.  349  ;  and 
still  farther  lengthened,  to  the  obliteration  of  some  of  tlie  planes,  becomes 
a  scalene  dodecaJiedron  (f.  350).  This  has  been  observed  in  flnor  spar. 
Only  twelve  planes  arc  here  present  out  of  the  t\\^nty-four.  Threads  of 
native  gold  from  Oregon,  are  strings  of  crystals  presenting  the  form  of  a 
very  acute  rhomUohcdron,  with  the  other  planes  of  the  trisoctahcdron  3-3 
(the  pyramidal  and  terminal  obtuse  rhonibohedral).  quite  small  at  the  ex- 
tremities.— See  Am.  J.  iSci.,  vol.  xxxii.,  p.  133,  1886. 

If  the  elongation  of  the  trapezohedron  takes  place  along  a  cubic  axis,  it 
becomes  a  double  eight-sided  pyi*amid  with  four-sided  summits  (!'.  351) ;  or 
if  these  summit  planes  are  obliterated  by  a  farther  extension,  it  becomes  a 
complete  eight-siaed  double  pyramid  (f.  352). 
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A  scaleno-dodecahedron  of  calcite  is  shown  distorted  in  f.  353,  which  ap- 
pears, however,  to  be  an  eight-sided  prism,  bounded  laterally  by  the  planee 
jff,  1",  l^  and  lij  and  their  opposites,  and  terminated  by  the  remaining  planes. 
The  following  figures  of  quartz  (f.  354,  355)  represent  distorted  forms  of 
this  mineral,  in  which  some  of  tlie  pyramidal  faces  by  enlargement  dis- 
place the  prismatic  faces,  and  nearly  obliterate  some  of  the  other  pyramidal 
faces :  see  also  f .  336. 
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Qaarti 


Fig.  356  is  a  distorted  crystal  of  apatite  ;  the  same  is  shown  in  f.  357 
with  the  normal  symmetry.  The  planes  between  O  and  the  right  I  ai-* 
enlarged,  while  the  corresponding  planes  hclow  are  in  part  obliterated 
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By  obfierving  that  similar  planes  are  lettered  alike,  the  correspondence  of 
the  two  figures  will  be  understood. 

In  deciphering  the  distorted  crystalline  forms  it  must  be  remembered 
that  while  the  appearance  of  the  crystals  may  be  entirely  altered,  the  angles 
remain  the  same ;  moreover,  like  planes  are  physically  alike,  that  is,  aBke 
in  degree  of  lustre,  in  striations,  and  so  on. 
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In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  irregularities  are  due  to  the  fact  that,  in  almost  all  cases,  crystals  in 
nature  are  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in 
consequence  of  this  are  only  partially  developed.  Thns  quartz  crystals  are 
generally  attached  by  an  extremity  of  the  prism,  and  hence  have  only  one 
set  of  pyramidal  planes ;  perfectly  formed  ciystals,  as  those  from  Herkimer 
Co.,  N.  Y.,  having  the  double  pyramid  complete,  are  rare.  The  same 
statement  may  be  made  for  nearly  all  species. 


IIL  Yabiations  in  thb  Angles  of  Obystals. 


The  neater  part  of  the  distortions  described  occasion  no  change  in  the 
interfacial  angles  of  crystals.  But  those  imperfections  that  prodiice  con- 
vex, curved,  or  striated  faces,  necessarily  cause  such  variations.  Further- 
more, circumstances  of  heat  or  pressure  under  which  the  crystals  were 
formed  may  sometimes  cause  not  only  distortion  in  form,  but  also  some 
variation  in  angle.  The  presence  of  impurities  at  the  time  of  crystallization 
may  also  have  a  like  effect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more 
or  lesd  complete  metamorphism  of  the  enclosing  rock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
p.  113)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorphs  of  a  species  vary  much  in  angle. 

lu  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irregalaritiet 
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arising  fix)m  imperfections  in  the  process  of  crystallization,  or  from 
changes  produced  subsequently,  variations  in  the  angles  are  rare^  and  the 
constancy  of  angle  alluded  to  on  p.  87  is  the  universal  law.* 

In  cases  where  a  greater  or  less  variation  in  angle  has  been  observed  in 
tlie  crystals  of  the  same  species  from  different  localities,  the  cause  for  this 
can  usually  be  found  in  a  difference  of  chemical  composition.  In  the  case 
of  ifiomorphous  compounds  it  is  well  known  that  an  exchange  of  correspond- 
ing chemically  equivalent  elements  may  take  place  without  a  change  of 
form,  though  usually  accompanied  with  a  slight  variation  in  the  funda- 
mental angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  upon  p.  168. 


lY.  Iktebnal  Impebfeotions  and  Impubitibs. 

The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystalliza- 
tion, or  by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization.  •  These  impurities  may  be  simply  coloring  ingredients,  or  they 
may  be  inclosed  particles,  fluid  or  solid,  visible  to  tlie  eye  or  under  the 
microscope.  The  coloring  ingredients  may  vary  in  the  couree  of  formation 
of  the  crystals,  and  thus  layers  of  different  colors  result ;  the  tourmaline 
crystals  of  Chesterfield,  Mass.,  have  a  i«d  centre  and  blue  exterior ;  others 
from  Elba  are  sometimes  light-ffreen  below  and  black  at  the  extremity ; 
many  other  examples  might  be  given. 

The  subject  of  the  fluid  and  solid  inclosures  in  crystals  is  one  to  which 
much  attention  has  been  directed  of  late  years.  Attention  was  early  called 
to  its  importance  by  Brewster,  who  described  the  presence  of  fluids  in 
quartz,  topaz,  beryl,  chrysolite,  and  other  minerals,  in  later  yeai-s  the  mat- 
ter has  been  more  thoroughly  studied  by  Sorby,  Zirkel,  Vogelsang,  Fischer, 
Rosenbusch,  and  many  ouiere.     (See  Literature,  p.  111.) 

Many  crystals  contain  empty  cavities ;  in  others  the  cavities  are  filled 
sometimes  with  water,  or  with  the  salt  solution  in  which  the  crystal  was 
formed,  and  not  infrequently,  especially  in  the  case  of  quartz,  with  liquid 
carbonic  acid,  as  first  proved  by  Vogelsang,  and  recently  followed  out  by 
Hartley.  These  liquid  inclosures  are  marked  as  such,  in  many  cases,  by 
the  presence  in  the  cavity  of  a  movable  bubble. 

The  solid  inclosures  are  almost  infinite  in  their  variety.  Sometimes  they 
are  large  and  distinct,  and  can  be  referred  to  known  minei'al  species,  as  the 
scales  of  hematite  to  which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity  for  many  minerals,  appearing, 
for  example,  in  the  Pennsbuiy  mica;  quartz  is  also  often  niccnanically 
mixed,  as  in  staurolite  and  gmelinite.  On  the  other  hand,  quartz  crystals 
very  commonly  inclose  foreign  material,  such  as  chlorite,  tourmaline,  rutile, 
hematite,  asbestos,  and  many  other  minerals. . 


*  Reference  most  be  made  here  to  the  discussioii  by  Soaoohi  of  the  principle  of  **  Polyi^yin* 
metry."  (Atti  Accad.  Napoli,  i.,  1864.)  See  also  Eirschtoald,  Znr  Kritik  dee  Leucitdyatemfli 
Tsoh.  Mill.  Jfitth.,  1875,  227.    See  further  the  discussion  on  pp.  185  et  seq. 


IBBBSULABrms  OF  OBTSTALB.  109 

The  inclosTirea  may  also  consist  of  a  heterogeneous  mass  of  material ;  at 
the  granitic  matter  aeen  in  orthoclase  crystals  in  a  porphjritic  granite ;  or 
the  feldspar,   quartz,  etc.,  sometimes  iDclosed  in 
large  coarse  crystals  of  beryl,  occurring  in  granite  8SS 

reins. 

An  interesting  example  of  the  iucloenre  of  one 
mineral  by  another  is  afforded  by  the  annexed 
figures  of  tourmaline,  enveloping  orthoclase  (E.  H. 
Williams,  Am.  J.  Sci.,  IIL,  xi.,  273, 1876).  Fig. 
368  shows  the  crystal  of  tonrmaline ;  and  croes-seo- 
tions  of  it  at  the  points  indicated  (a,  h,  o)  are  given 
by  f.  359,  360,  361.  The  latter  show  that  the  feld- 
spar increases  in  amount  in  the  lower  part  of  the 
crystal,  the  tourmaline  being  merely  a  thin  shell. 
Similar  specimens  from  the  same  locality  (Fort 
Henry,  Eraex  Co.,  N.  Y.)  show  that  there  is  no  ne- 
cessary connection  between  the  position  of  the  tour- 
maline and  that  of  the  feldspar. 

Similar  occiiiTences  are  those  of  trapezohedrons 
of  garnet,  where  the  latter  is  a  mere  shell,  enclosing 
calcite,   or  sometimes  epidota       Analogous  cases 

have  been  explained  by  some  authors  as  being  due  to  partial  pBendomoipb 
ism,  the  alteration  progressing  from  the  centre  outwara. 


The  microscopic  crystals  observed  as  inclosares  may  sometimes  be 
referred  to  known  species,  but  more  generally  their  tme  nature  is  doubtful. 
The  term  microlitea,  proposed  by  Vogelsang,  is  often  na^d  to  designate  tlie 


minute  inclosed  crystals;  they  are  generally  of  needle-like  form,  some 
times  quite  irregular,  and  often  verr  remarkable  in  their  arrangement  and 
groupings ;  some  of  them  are  exhibited  in  f.  367  and  f.  368,  aa  •ezptuned 
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belovr.  Trichite  and  belonite  are  names  introduced  b;  Zirkel ;  the  former 
name  is  derived  from  0pi^,  hair,  the  forms,  like  that  in  £  S62,  are  common 
in  obsidian.  Where  the  minute  individuals  belong  to  known  species  the; 
are  called,  for  example,  feldspar  microlitea,  etc 

Oryslallitea  is  an  analogous  term  which  is  intended  by  Vogelsang  to  cover 
tliose  minute  forms  which  have  not  the  regular  exterioi-  form  of  crystals, 
hnt  may  be  considered  as  intermediate  between  amoi'phous  matter  and  true 
crystals.  Some  of  the  forms,  figured  by  Vogelsang,  are  shown  in  f.  363  to 
866 ;  they  are  often  observed  in  glassy  volcanic  rocks,  and  also  in  fniTiace 
elage.  A  series  of  names  have  been  given  to  varieties  of  crystallites,  such 
as  globulites,  margarites,  etc.* 

The  microscopic  incloeiires  may  also  be  of  an  irregular  glassy  nature  ;  a 
kind  that  exist6  in  crystals  which  have  formed  from  a  melted  mass,  as  lavas 
or  the  slag  of  iron  furnaces. 

In  general,  it  may  be  said  that  while  the  solid  inclosnres  occur  sometimes 
quite  irregiilai'ly  in  the  crystals,  they  are  more  generally  arranged  with 
some  evident  reference  to  the  symmetry  of  the  form,  or  pianos  of  the 
crystals.     Examples  of  this  are  shown  in  the  following  figures:  f.  867  ez 


iiibits  a  crystal  of  augite,  inclosing  magnetite,  feldspar  and  nephclite 
microlitos,  etc.,  and  f.  368  shows  a  crystal  of  leucite,  a  species  whoae 
crystals  very  commonly  inclose  foreign  matter.  Fig.  369  shows  a  section 
of  a  crystal  of  calcite,  contaitiiug  pynte. 


Another  striking  example  is  afforded  by  andalnsite,  in  which  the  inclosea 
(input'ilicB  are  of  considerable  extent  and  remarkably  arranged.  Fig.  870 
bIiows  the  successive  parts  of  a  single  crystal,  as  dissected  by  B.  Horsford 


*  Dia  Ei^alnllltea  von  Hmiiinui  Togabwqt,    Boim,  187S. 
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of  Sfrinfffield,  Mass.;  STl,  one  of  tie  four  white  portions;  and  872,  the 
central  black  portion* 

871  873 
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CRTSTALUNE  AOGREGATES. 

Tlie  greater  part  of  the  speciraens  or  masses  of  minerals  that  occur,  may 
be  described  as  agCTegations  of  imperfect  crystals.  Even  those  whose 
Btructnre  appears  the  most  purely  impalpable,  and  the  most  destitute  in- 
ternally of  anything  like  crystal liaation,  are  probably  composed  of  crystal- 
Hue  grains.  Under  the  above  head,  consequently,  are  included  all  the 
remaining  varieties  of  structure  in  the  mineral  kingdom. 

The  individuals  composing  imperfectlv  crystallized  individuals,  may  be: 

1.  Columns,  orjlbres^  in  whicu  case  tlie  structure  is  columnar, 

2.  Thin  lamincBy  producing  a  lamellar  structure. 
8.  QrainSj  constituting  a  granular  structure. 

1.  Colv/mna/r  Strticture, 

A  mineral  possesses  a  columnar  structure  when  it  iS  made  up  of  slendef 
oolnmns  or  fibres.  There  are  the  following  varieties  of  the  columnar  struc 
ture: 

JFtbrouB :  when  the  columns  or  libres  are  paralleL  Ex.  gypsum,  usbeAtua 
Fibrous  minerals  have  often  a  silky  lustre. 
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■ 

Heticulated  :  when  the  fibres  or  columns  cross  in  various  directions,  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated  or  stellular :  when  they  radiate  from  a  centre  in  all  directionB, 
and  produce  star-like  forms.     Ex.  stilbite,  wavellite. 

Radiatedy  divergent :  when  the  crystals  radiate  from  a  centre,  without 
producing  stellar  n)rms.    Ex.  quartz,  stibnite* 


9.  Lamellar  Structure. 

The  structure  of  a  mineral  is  lamellar  when  it  consists  of  plates  or 
leaves.  The  lamines  may  be  curved  or  straight,  and  thus  give  rise  to  the 
owrved  lamellar,  and  straight  lamellar  structure.  Ex.  wollastonite  (tabular 
spar),  some  varieties  of  gypsum,  talc,  etc.  When  the  laminse  are  thin  and 
easily  separable,  the  structure  is  said  to  be  foliaceous.  Mica  is  a  striking 
example,  and  the  term  micaceotis  is  often  used  to  describe  this  kind  oi 
structure. 

8.  Granular  Structure. 

The  particles  in  a  granular  Structure  diflFer  much  in  size.  When  coarse, 
the  mineral  is  described  as  coarsely  granular  ;  when  finoy  Jmely  granular  ^ 
and  if  not  distinguishable  by  the  naked  eye,  the  structure  is  termed  im- 
palpable.  Examples  of  the  first  may  be  observed  in  granular  crystalline 
limestone,  sometimes  called  saccharoidal ;  of  the  second,  in  some  varieties 
of  hematite  ;  of  the  last,  in  chalcedony,  opal,  and  other  species. 

The  above  terms  are  indefinite,  but  rrom  necessity,  as  there  is  every 
degree  of  fineness  of  structure  in  the  mineral  species,  from  perfectly  im- 
palpable, tlirou£^h  all  possible  shades,  to  the  coarsest  granular.  The  term 
jpJumero-cf^ystauine  has  been  used  for  varieties  in  which  the  grains  are  dis- 
tinct, and  cryptO'Orystalliney  for  those  in  which  they  are  not  discernible. 

Oranular  minerals,  when  easily  crumbled  in  the  migers,  are  said  to  be 
friable. 

4,  Imitative  Shapes. 

Reniform  :  kidney  shape.    The  structure  may  be  radiating  or  concentric. 

Botryoidal:  consisting  of  a  group  of  rounded  prominences.  The  name 
is  derived  from  the  Greek  fioTpv^i^  a  hunch  of  grapes.  Ex.  limonite,  chal- 
cedony. 

MammiUary :  resembling  the  botryoidal,  but  composed  of  larger  prom- 
inences. 

Globular  :  spherical  or  nearly  so ;  the  globules  may  consist  of  radiating 
fibres  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  sur- 
face of  a  rock,  they  are  described  as  implanted  gvdbules. 

Nodular  :  in  tuberose  forms,  or  having  irregular  protuberances  C7er  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  usually  to  a  greenstone  contain 
Ing  almond-shaped  or  sub-globular  nodules. 
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CoraUoidal :  like  coral,  or  consisting  of  interlaced  flexuous  branching 
of  a  white  color,  as  in  some  aragouite. 

Dendritic  :  branching  tree-liKe. 

Mossy  :  like  moss  in  form  or  appearance. 

FUiform  or  GofpiUary :  very  slender  and  long,  like  a  thread  or  hair ; 
consists  ordinarily  of  a  snccession  of  minute  crystals. 

AdcvZar :  slender  and  rigid  like  a  needle. 

Reticulated:  net-like. 

Drusy :  closely  covered  with  minute  implanted  crystals. 

Staldctitic  :  when  the  mineral  occurs  in  pendant  columns,  cylinders,  or 
elongated  cones. 

Stalactites  are  produced  by  the  percolation  of  water,  holding  mineral 
matter  in  solution,  thmugh  the  rocky  roofs  of  caverns.  The  evaporation 
of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually  forma 
a  long  pendant  cylinder  or  cone.  The  internal  structure  may  be  imper- 
fectly crystalline  and  granular,  or  may  consist  of  fibres  mdiating  from  the 
centi'al  column,  or  there  may  be  a  broad  cross-cleavage. 

Common  stalactites  consist  of  calcium  carbonate.  Chalcedony,  gibbsite, 
browu  iron  ore,  and  many  other  species,  also  present  stalactitic  forms. 

The  term  amorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
form  or  imitative  shape,  but  also  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appeal's  to  be  destitute  wholly  of  a  crystalline  structure 
internally,  as  most  opal.  Such  a  structure  is  also  called  coUoid  or  jelly- 
like,  from  the  Greek  for  glue.  Whether  there  is  a  total  absence  of  crystal- 
line structure  in  the  molecules  is  a  debated  point.  The  word  is  from  a 
privative^  and  fi6p(f)fiy  shape. 


PSEUDOMORPHOUS  CRYSTAIiS. 

Every  true  mineral  species  has,  when  crystallized,  a  form  peculiar  to 
itself ;  occasionally,  however,  crystals  are  found  that  have  the  form,  both 
as  to  angles  and  general  habit,  of  a  certain  species,  and  yet  difPer  from  it 
entirely  in  chemical  composition.  Moreover  it  is  often  seen  that,  though 
in  outward  form  complete  crystals,  in  internal  structure  they  are  granular, 
or  waxy,  and  have  no  i^gular  cleavage. 

Such  crystals  are  called  vseudortwrphs^  and  their  existence  is  explained 
by  the  assumption,  often  admitting  of  direct  proof,  that  the  original  min- 
eral has  been  changed  into  the  new  compound,  or  has  disappeared  through 
some  a^ncy,  and  its  place  been  taken  by  another  chemical  compound  to 
which  the  form  does  not  belong. 

Pseadomorphs  have  been  classed  under  several  heads. 

1.  Pseudomorphs  by  «i4j«^i^t^^ic;n. 

2.  Pseudoniorphs  by  simple  deposition^  {a)  incricstation  or  (b)  inJUtr'a* 
tion, 

3.  Pseudoniorphs  by  alteration  /  and  these  may  be  altered 

(a)  without  a  change  of  composition,  by  paramorphism* ; 
(a)  by  the  loss  of  an  ingredient ; 
(<?)  by  the  assumption  of  a  foreign  substance ; 
(a)  by  a  partial  exchange  of  constituents 
8 
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1.  Tlie  first  class  of  pseadomorphs,  by  suhatitutiony  embrace  those  sases 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a 
corresponding  and  simultaneous  replacement  of  it  by  another,  without, 
however,  any  chemical  reaction  between  the  two.  A  common  example  of 
.this  is  a  piece  of  fossilized  wood,  where  the  original  fibre  has  been  replaced 
entirely  by  silica.  The  first  step  in  the  process  was  the  filling  of  all  the 
poros  and  cavities  by  the  silica  in  solution,  and  then  as  the  woody  fibre  by 
gradual  decomposition  disappeared,  the  silica  further  took  its  place.  Other 
examples  are  quartz  after  fluorite,  calcite,  and  many  other  species,  cassiterito 
^f  ter  Orthoclase,  etc. 

2.  Pseudomoi*phs  by  incniatation^  form  a  less  important  class.  Such 
ifire  the  cruets  of  quartz  formed  over  fluorite.  In  most  cases  the  removal 
of  the  original  mineral  has  gone  on  simultaneously  with  the  deposit  of  the 
second,  so  that  the  resulting,  pseudomorph  is  properly  one  of  substitution. 
In  pseudomorphs  by  inJUtrahon^  a  cavity  made  by  the  removal  of  a  crystal 
has  been  filled  by  another  mineral. 

3.  The  third  class  of  pseudomorphs,  by  alteration^  include  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnished  by  a 
kernel  of  the  original  mineral  in  the  centre  of  the  altered  crystal;  e,g,^  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite ;  also  of 
chi'ysolite  in  a  pseudomorphous  crystal  of  serpentine ;  of  corundum  in 
fibrolite.  or  spinel  (Genth). 

(a)  An  example  of  paramorphism  is  furnished  by  the  change  of  aragonite 
to  calcite  at  a  certain  temperature;  also  \ki<Q  paraToorphs  of  rutile  after 
urkansite  from  Magnet  Cove. 

(i)  An  example  of  the  pseudomoi'phs  in  which  alteration  is  accompanied 
bv  a  loss  of  ingredients  is  furnished-  by  crystals  of  limonite  in  the  form  of 
siderite,  the  carbonic  acid  having  been  removed;  so  also  calcite  after 
gay-lussite ;  native  copper  after  cuprite. 

(c)  In  the  change  of  cuprite  to  malachite,  e,g.^  the  familiar  crystals  from 
ClieBsy,  France,  an  instance  is  afi^orded  of  the  assumption  of  an  ingredient, 
viz.,  carbonic  acid.  Pseudomorphs  of  gypsum  after  anhydrite  occur,  where 
there  has  been  an  assumption  of  water.    . 

(il)  A  partial  exchange  of  constituents,  in  other  words,  a  loss  of  one  and 
gain  of  another,  takes  place  in  the  change  of  feldspar  to  kaolin,  in  which 
the  potash  silicate  disappeai*s  and  water  is  taken  up ;  pseudomorphs  of 
chlorite  after  garnet,  pyromorphite  after  galenite,  are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  field  for 
investigation,  in  which  Bischof^  Delesse  and  others  have  done  much. 


SECTION  L— SUPPLEMENTARY  CHAPTER. 

IMPROVEMENTS     IN    THE     INSTRUMENTS     FOR    THE     MEASUREMENT    OF   THE 
ANGLES  OF   CRYSTALS   (sCC  \)p.  83-57). 

Reflecting  Goniometer. — A  form  of  reflecting  gouiometer,  well  adapted  for 
accurate  measui-emeiits,  and  at  the  ^ame  time  tliorouglily  practical,  \a  bIiowu 
iti  L  ^Tix.  It  is  made  on  tiio  Babinet  type,  with  a  liorizontal  graduated 
circle;  the  instruinent3  of  the  Mitacherlich  type,  alluded  to  on  p.  86,  having 
a  vertical  circle.  The  horizontal  circle  has  many  advantages,  especially 
wheu  it  is  desired  to  measure  the  angles  of  large  crystals  or  those  wliich  are 

872^ 


attached  to  a  large  piece  of  rook.     This  particular  form  of  instrnment  here 
figured  is  made  by  R.  FnesB,*  in  Berlin  (Alte  Jucobstrasse  108),  and  has 

*  The  author  is  Indebted  to  R.  l^iesa  tor  the  electrotypes  from  which  this  and  the  fol- 
lowing flinires  (37*^1,  b,  c,  D,  alao,  t.  41!c,  d,  b,  f,  h,  k,  h)  nave  been  printed. 
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many  improvements  suggested  by  Websky  (Zeitsehr.  Kryst.  it.,  545,  1880. 
See  also  Liebisch,  Bericht  tiber  die  wissenschaftlichen  Instrumente  auf  der 
Berliner  Gewerbeausstellung  im  Jahre  1879,  pp.  330-332). 

The  instrument  stands  on  a  tripod  with  leveling  screws.  The  central 
axis,  0,'has  within  it  a  hollow  axis,  by  with  which  turns  the  plate,  rf,  carry- 
ing the  verniers  and  also  the  observing  telescope,  the  upright  support  of 
which  is  shown  at  B.  Within  J  is  a  second  hollow  axis,  «,  which  carries 
the  graduated  circle, /,  above,  and  which  is  turned  by  the  screw-head,^; 
the  tangent  screw,  a,  serves  as  a  fine  adjustment  for  the  observing  telescope, 
B,  the  screw,  c,  being  for  this  purpose  raised  so  as  to  bind  h  and  e  together. 
The  tangent  screw,  ^,  is  a  fine  adjustment  for  the  graduated  circle.  Again, 
within  e  is  the  third  axis,  A,  turned  by  the  screw-head,  t,  and  within  h  is  the 
central  rod,  5,  which  carries  the  support  for  the  crystal,  with  the  adjusting 
and  centering  contrivances  mentioned  below.  The  rod,  8,  can  be  raised  or 
lowered  by  the  screw.  A,  so  as  to  bring  the  crystal  to  the  proper  height,  that  is 
up  to  the  axis  of  the  telescope  ;  when  this  has  been  accomplished,  the  clamp 
at  /?,  turned  by  a  set-key,  binds  8  to  the  axis,  h.  The  movement  of  h  can 
take  place  independently  of  </,  but  after  the  crystal  is  ready  for  measurement 
these  two  axes  are  bound  together  by  the  set-screw,  I.  Tne  signal  telescope 
is  supported  at  C,  firmly  attached  to  one  of  the  legs  of  the  tripod.  The  crys- 
tal is  mounted  on  the  plate,  u,  with  wax,  the  plate  is  clumped  by  the  screw, 
V.  The  centering  apparatus  consists  of  two  slides  at  right  angles  to  each 
other  (one  of  these  is  shown  in  the  figure)  and  the  screw,  cr,  which  works  it ; 
the  end  of  the  other  corresponding  screw  is  seen  at  a'.  The  adjusting 
arrangement  consists  of  two  cylindrical  sections,  one  of  them,  r,  shown  in 
the  figure,  the  other  is  at  r' ;  the  cylinders  have  a  common  centre. 

The  circle  is  graduated  to  degrees  and  quarter  degrees,  and  the  vernier  gives 
the  readings  to  30",  but  by  estimate  they  can  be  obtained  to  10".  The  signals 
provided  are  four  in  number,  each  in  its  own  tube,  to  be  inserted  behind  the 
collimator  lens  ;  these  are  :  (1)  the  orSinary  telescope  with  the  hair  cross,  to 
be  used  in  the  case  of  the  most  perfect  planes ;  (%)  the  commonly  used  signal,* 
proposed  by  Websky,  consisting  of  two  small  opaque  circles,  whose  distance 
apart  can  be  adjusted  by  a  screw  between  them  ;  the  light  passing  between 
these  circles  enters  the  tube  in  a  form  resembling  a  double  concave  lens  ; 
also  (3)  an  adjustable  slit ;  and,  finally,  (4)  a  tube  with  a  single  round  open- 
ing, very  small.  There  are  four  observing  telescopes  of  different  angular 
breadth  of  field  and  magnifying  power,  and  hence  suitable  for  planes  varying 
in  size  and  in  degree  of  polish.     A  Nicol  prism  is  also  added. 

The  methods  to  be  employed,  both  in  making  the  preliminary  adjust- 
ments required  by  every  instrument  before  it  can  be  used,  and  in  the  actual 
measurement  of  the  angles  of  crystals,  have  been  described  bj^'  Websky  (1.  c.) 
with  a  fullness  and  clearness  which  leaves  nothing  to  be  desired,  and  refer- 
ence must  be  here  made  to  this  memoir. 

Microscope- Ooniometer  of  Hirschwald, — For  the  measurement  of  the  angles 
of  crystals  whose  planes  are  destitute  of  polish,  Hirschwald  has  devised  a 
*^ microscope-goniometer"  (Jahrb.  Min.,  1879,  301,  539;  1880,  i.,  166.— 
See  also  Liebisch,  1.  c,  pp.  336,  377)  ;  the  actual  construction  has  been  made 
by  Euess.  The  instrument  consists  of  a  WoUaston  goniometer  with  a  center- 
ing telescope  and  a  vertical  microscope.  The  principle  upon  which  the  use 
of  the  instrument  is  based  is  this  :  that  a  plane  seen  through  a  microscope 

♦  See  Websky,  Z.  Kryst.,  lii.,  241. 
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will  he  in  foons  over  its  entire  extent  only  when  the  piano  ia  exactly  at  right 
angles  to  the  axis  of  the  microscope.  The  microscope  Elands  vertically  above 
the  crystal,  and  ia  supported  on  n  double  slide,  which  allows  of  -its  being 
moved  parallel  and  perpendicular  to  '^he  axis  of  the  goniometer,  eo  that  i!.  is 
possible  to  see  suocesaively  every  portion  of  a  crystal  face  fastened  to  the 
goniometer,  and  at  the  proper  focitl  distance.  The  slide  perpendicu liir  to  the 
axis  of  the  goniometer  carries  a  vernier,  so  that  the  position  of  the  microscope 
can  be  measured  on  the  fixed  scale  to  a  half  millimeter.  The  micrometer 
screw  of  the  microscope  is  arranged  so  that  the  raising  or  lowering  of  the 
microscope  can  be  measured  to  0*004  mm.  The  spider  line  in  the  eye-piece, 
parallel  to  the  axis  of  rotation  of  the  goniometer,  is  so  adjusted  that  when  the 
slide  just  mentioned  stands  at  the  zero  of  its  scale,  it  lies  exactly  in  the 
vertical  piano  through  the  axis.  The  horizontal  centering  telescope  is  placed 
opposite  the  crystal  anpport,  and  moves  0:1  a  Elide  parallel  to  tiie  axis  of  the 
graduated  circle.  Its  spider  lines  are  bo  adjusted  that  their  centre  exactly 
coincides  with  this  axis.  The  apparatus  for  centering  and  adjusting  the 
crystal  consists  of  a  vertical  disk  allowing  of  motion  in  any  direction  perpen- 
dicular to  the  axis  of  rotation,  and  a  spherical  segment  moved  by  four  arms 
(Petzval  support).  In  use  the  edge  of  the  tivo  planes  to  be  measured  is 
brought  by  means  of  the  spider  line  of  the  microscope  parallel  to  the  axis  of 
rotation  ot  the  goniometer,  and  there  centered,  by  means  of  the  telescope,  so 
that  as  the  crystal  is  turned  this  edge  remains  in  the  centre  of  the  spider  line 
of  the  centering  telescope ;  then  the  two  planes  which  form  this  edge  are,  by 
successive  adjustments  by  help  of  tho  microscope,  brought  each  successively 
into  an  exactly  horizontal  position  as  the   circle   is  revolved.     The  angle 

S.ormal  angle)  between  the  two  planes  is  obtained  in  the  usual  manner. 
irschwald  calculates  that,  with  a  sufficiently  delicate  arrangement  of  lenses, 
forplaues  whose  width  is  5mm.,  the  theoretical  error  of  measurement  is2' 40"; 
for  those  with  a  width  of  10  mm,,  the  error  is  only  1'.  The  improved  sap- 
port  for  the  crystal  is  so  arranged  that'  when  the  edge  is  exactly  adjusted  and 
one  of  tho  two  planes  carefully  placed  with  the  microscope,  tho  second  plane 
must  be  for  its  whole  . 

extent    in    the    jiroper  "' 

position  a3  soon  as  this 
IB  true  for  a  single 
point  of  the  plane. 

Contact-lever  QonU 
omeler  of  Fuess. —  An- 
other form  of  goniom- 
eter has  been  invented 
by  FuBSS  {SCO  Liebisch, 
1.  c,  pp.  3J7-339) 
which  aims  to  accom- 
plish the  same  end  as 
that  of  Hirachwald  — 
the  exact  measurement 
of  the  angle  between 
two  onpolished  surfaces 
— but  in  this  case  the 
adjustment  is  accom- 
plished by  mechanical 

means.  The  essential  arrangement  ia  shown  in  f.  3728,  373c.  It  consists 
of  a  Wollaston  goniometer,  0,  supported  upcn  a  perfectly  even  unpolished 
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glass  plate,  A.  The  contact-lever  is  carried  hj  B,  which  rests  on  the  glaffl 
plate  by  two  pegs,  o,  and  by  the  screw,  n,  with  a  graduated  head  turn- 
ing in  connection  with  the  index,  y.  Two  arms,  FF,  go  down  from 
B,  carrying  the  nut  in  which  the  screw,  r,  turns ;  this  screw  moves  B 
in  a  direction  at  riglit  angles  to  liie  axis  of  the  goniometer.  The  arm, 
B,  contains  the  nut  for  the  adjusting  «crew,  m  (similar  to  n),  which 
belongs  immediately  to  the  lever  system.  On  the  arm  C  is  attached  the 
knife  edge,  I,  which  meets  the  edge,  c,  fastened  to  the  arm,  i ;  this  arm,  /, 

turns  about  a,  and. is  supported  by  the 
screw,  m.  The  adjustable  ball,  b.  sup- 
ported on  ^,  is  to  be  placed  so  that  the 
ivory  index  rests  with  the  least  pos- 
sible pressure  on  the  crystal-face  at 
K  (see  also  f.  372c).  The  contact- 
lever,  B,  whose  longer  arm  marks  on 
the  scale,  S,  lies  between  I  and  o  ;  its 
head,  d,  is  so  to  be  adjusted  that  the 
lever  resting  on  the  lower  edge,  c,  has 
a  slight  excess  of  weight  on  the  side  of  the  goniometer,  so  that  it  touches  both 
edges.  A  perceptible  play  of  the  long  arm  corresponds  to  a  raising  or  lower- 
ing of  the  ivory  index  of  0*0005  mm.  If  the  plane  has  a  width  of  1  mm.,  the 
degree  of  accuracy  attainable  is  theoretically  2'. 

In  the  preliminary  centering  and  adjusting  the  work  is  facilitated  by  the 
arrangement  shown  m  f.  372D.     It  consists  of  a  plate,  p,  872d. 

which  rests  on  A  by  the  three  set-screws,  s.  Two  arms, 
with  set-screws,  t,  resting  on  the  side  of  the  supporting 
plate,  make  possible,  similar  to  r,  a  movement  parallel  to 
this  side.  An  index  finger,  I,  is  supported  above  the  plate, 
p.  The  screws,  8  and  t,  are  now  set  so  that  the  sharp  edge 
of  I  is  exactly  in  the  prolongation  of  the  axis  of  rotation 
of  the  goniometer,  which  is  necessarily  parallel  to  the 
upper  and  side  surfaces  of  the  supporting  plate.  By  the 
help  of  this  arrangement,  the  approximate  centering  and  adjusting  of  the 
crystal-edge  can  be  readily  accomplished,  and  also  the  parallelism  between 
the  crystal-face  and  the  supporting  plate  be  proved. 

Measurement  of  the  Angles  of  microscopic  Crystals, — Bertrand  (C.  R., 
Ixxxv.,  1175,  1877  ;  Bull.  Soc.  Min.,  i.,  5?2,  96,  1878)  has  described  a 
method  for  obtaining  the  interfacial  angles  of  microscopic  crystals,  which  may 
be  brieiiy  alluded  to Tiere.  It  is  based  on  the  geometrical  principle  that  if  the 
plane  angles  are  known  which  the  projections  of  a  plane  make  with  three 
perpendicular  co-ordinate  axes,  the  angular  inclination  of  the  plane  to  the 
three  axes  can  be  calculated.  The  crystal  to  be  measured  is  fastened  on  a 
small  cube  of  glass  held  in  a  pincer  arrangement,  on  a  secondary  microscope 
stage ;  this  stage  is,  like  the  principal  stage  below  it,  movable  about  a  ver- 
tical axis,  and  besides  has  by  means  of  screws  a  motion  in  two  perpendicular 
directions  in  a  horizontal  plane.  The  method  of  obtaining  the  desired  angles 
is  very  ingenious,  but  too  complex  to  allow  of  explanation  here ;  reference 
must  be  made  to  the  original  paper.  With  crystals  of  from  1-20  to  1-30  mm., 
Bertrand  obtained  results  accurate  within  6',  and  he  states  that  the  method 
can  be  extended  to  crystals  which  have  a  magnitude  of  only  1-100  mm. 


SECTION  IL 
PHYSICAL    OHAEAOTERS    OF    MINERALS. 

The  physical  characters  of  minerals  arc  those  which  relate :  I.,  tc 
Cohesion  and  Elasticity,  that  is :  cleavage  and  fracture^  hardne%9^  and  terkr 
acUy ;  XL,  to  the  Mass  and  Vohirae,  the  speoifiG  gra/vity  ;  III.,  to  Light, 
the  optical  propei^ies  of  crystals ;  also  color^  lustre^  etc. ;  IV.,  to  Heat ; 
v.,  to  Electricity  and  Magnetism ;  VI.,  to  the  action  on  the  Senses,  a8 
tasUy  feelj  etc. 

I.  COHESION  AND  ELASTICITY.* 

"By  cohesion  is  understood  the  attraction  existing  between  the  molecules 
of  a  bod}',  in  consequence  of  which  they  oflfer  resistance  to  a  force  tend- 
ing to  separate  them,  as  in  breaking  or  scratching.  This  principle  leads  to 
some  of  the  most  universally  important  physical  characters  of  minerals, — 
cleawge,  fracture^  and  hardnesa. 

Elasticity^  on  the  other  hand,  is  the  force  which  tends  to  bring  the 
molecules  of  a  body  back  into  tlieir  original  position,  from  which  they  have 
been  disturbed.  TTpon  elasticity  depends,  tor  the  most  part,  the  degree 
of  tenacity  possessed  by  difierent  minerals. 

A.  Cleavage  and  Fbacture. 

1.  Cleavage,  ^  Most  crystallized  minerals  have  certain  directions  in 
which  their  cohesive  power  is  weakest,  and  in  which  they  consequently 
yield  most  readily  to  an  exterior  force.  This  tendency  to  break  in  the 
direction  of  certain  planes  is  called  deavaqe^  and  being  most  intimately 
connected  with  the  crystalline  form  it  has  already  been  necessary  to  define 
it,  and  to  mention  some  of  its  most  important  features  (p.  2).  Cleavage 
differs  (a)  accoixiing  to  the  ease  with  which  it  is  obtained,  and  (i)  accord- 
ing to  its  direction,  crvstallographically  detenniued. 

\a)  Cleavage  is  i^^^  perfect  or  eminent  when  it  is  obtained  with  great 
ease,  affording  smooth,  lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Interior 
degrees  of  cleavage  are  spoken  of  as  distinct^  iTidistinct  or  imperfect^  inter- 
ruptedj  in  traces,  difficult.  These  terms  are  sufficiently  intelligible  without 
further  explanation.  It  may  be  noticed  that  the  cleavage  of  a  species  is 
sometimes  better  developed  in  some  of  its  varieties  than  in  others. 

(i)  Cleavage  is  also  named  according  to  the  direction,  crystallograpliically 
defined,  which  it  takes  in  a  species.  Wlien  parallel  to  the  basal  section  ((?) 
it  is  called  basaly  as  in  topaz ;  parallel  to  the  prism,  as  in  amphibole,  it  is 
called  prismatic ;  also  rnacroaiagonal,  orthoaiagoncdy  etc.,  wlien  parallel 
to  the  several  diametral  sections ;  parallel  to  the  faces  of  the  cube,  octa- 

*  See  further  on  p.  173. 
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hedron,  dodecahedron,  or  rhombohedron,  it  is  called  cvMCy  as  galenite; 
octah^dralj  as  fluorite ;  dodecahedral^  as  sphalerite ;  rhombohedralj  as 
calcite. 

Intimately  ooxmeoted  with  the  deavage  of  otystallited  minerals  are  the  diyiaional  planes  in- 
vestigated by  Beosch  (see  Literature,  p.  12d).  He  has  foond  that  by  pressure,  or  by  a  sadden 
blow,  diyiaional  planes  are  in  many  oases  produced  which  are  siialogous  to  the  deavage 
planes.  The  first  he  calls  GleitfldAen^  or  planes  in  which  a  sliding  of  the  molecules  upon 
each  other  takes  place.  Thus,  for  example,  if  two  opposite  dodeinhedral  edges  of  a  cubic 
cleavsge  mass  of  rock-salt  are  regularly  filed  away,  and  the  mass  then  subjected  to  pressure 
in  this  direction,  a  QleUflde/ie  is  obtained  parallel  to  the  dodecahedral  face. 

The  figures,  on  the  other  hand,  obtained  by  a  blow  on  a  rounded  steel  point,  placed  perpen- 
dicular to  the  natural  or  cleavage  face  of  a  crystal,  are  called  by  him  fraeture-flgures  (Schlag- 
figfuren).  The  divisional-planes  in  this  case  appear  as  cracks  diverging  from  the  point  whete 
the  blow  has  been  made.  For  instance,  on  a  cubic  face  of  rock-salt  two  planes,  forming  a 
rectangular  cross,  are  obtained  :  on  biaxial  mica,  a  six-rayed  (sometimes  three-rayed)  stax 
results  firom  the  blow,  one  ray  of  which  is  always  parallel  to  the  brachydiagonal  axis  of  the 
prism. 

2.  Fracture. — The  term  fracture  is  used  to  define  the  form  or  kind  of 
surface  obtained  by  breaking  in  a  direction  other  than  that  of  the  cleavage 
in  crystallized  minerals,  and  in  any  direction  in  massive  minerals.  When 
the  cleavage  is  highly  perfect  in  several  directions,  as  the  cubic  cleavage  of 
galenite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as : 

{a)  Cmickoidal ;  when  a  mineral  breaks  with  curved  concavities,  more 
or  less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the 
valve  of  a  shell,  from  concha,  a  shell;  flint. 

(J)  Even  /  when  the  surface  of  fracture,  though  rough,  with  numeix)U8 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(c?)   Uneven;  when  the  surface  is  rougn  and  entirely  irregular. 

lot)  Hacldey  ;  when  the  elevations  are  shai-p  or  jagged  ;  broken  iron. 

Other  terms  also  employed  are  ea/rthy^  aplinteryy  etc. 


B.  Habdness. 

By  the  hardness  of  a  mineral  is  understood  the  resistance  which  it  offers 
to  abrasion.  The  degree  of  hardness  is  determined  by  observing  the  ease 
or  difficulty  with  which  one  mineral  is  scratched  by  another,  or  by  a  file  or 
knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  a  substance 
impressible  by  the  finger-nail  to  that  of  the  diamond.  To  give  precision 
to  the  use  of  this  chamcter,  a  scale  of  luirdnese  was  introduced  by  Mons 
It  is  as  follows : 

1.  Talc  ;  common  laminated  light-green  variety. 

2.  Oymum  /  a  crystallized  variety. 

3.  Ciucite ;  transparent  variety. 

4.  Fluorite ;  crystalline  variety. 

5.  Apatite;  transpai'cnt  variety. 
(5.6.  Seajpolite;  crystalline  variety.) 

6.  Feldspar  (orthoclaso) ;  white  cfeavable  variety. 

7.  Quartz;  transparent 
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8.  Topaz  I  transparent 

9.  Sapphvre ;  cleavable  varieties. 
10.  Diamond. 

If  the  mineral  under  trial  is  scratched  by  the  file  or  knife  as  easily  as 
R])atite,  its  hardness  is  called  5 ;  if  a  little  more  easily  than  apatite  and 
not  so  readily  as  fliiorite,  its  hardness  is  called  4.5,  etc.  For  minerals  as 
hard  or  harder  than  quartz,  the  file  will  not  answer,  and  the  relative  hard- 
ness is  determined  by  finding  by  experiment  whether  the  given  mineral  will 
scratch,  or  can  be  scratched  by,  the  successive  minerals  in  the  scale. 

It  need  hardly  be  added  that  great  accuracy  is  not  attainable  by  the  abov« 
.methods,  though,  Indeed,  for  ali  mineralogical  purposes  exactness  is  quite 
unnecessary. 

The  interval  between  2  and  3,  and  5  and  6,  in  the  scale  of  Mohs,  being 
a  little  greater  than  between  the  other  numbers,  Breithaupt  proposed  a 
scale  of  twdve  minerals ;  but  the  scale  of  Mohs  is  now  universally  accepted. 

Accurate  determinations  of  the  hardness  of  minerals  have  been  made  by 
Frankenheim^  Franzy  Orailich  and  Pekareky  and  others  (see  Literature, 
p.  122),  with  an  instrument  called  a  dderometer.  The  mineral  is  placed  on 
a  movable  carriage  with  the  surface  to  be  experimented  u|X)n  horizontal ; 
this  is  brought  in  contact  with  a  steel  point  (or  diamond-point),  fixed  on  a 
support  above;  the  weight  is  then  determined  which  is  just  suflScient  to 
move  the  carriage  and  produce  a  scratch  on  the  surface  of  the  mineral. 

By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  planes  of  a  ciystal  differ  in  hardness,  and  the  same  plane  dif- 
fers as  it  is  scratched  in  different  directiofis.  In  general,  the  hardest  plane 
is  that  which  is  intersected  by  the  plane  of  most  complete  cleavage.  And 
of  a  siuffle  plane,  which  is  intersected  by  cleavage  planes,  the  direction 
erpendicular  to  the  cleavage  direction  is  the  softer,  those  parallel  to  it  the 
arder. 


I 


ThiB  subject  has  been  reoently  investdgated  by  Ezner  (p.  122),  who  has  giyen  the  form  of 
iheeure««  of  hai'dnesB  for  the  different  planes  of  many  crystals.  These  cnrves  are  obtained  as 
follows :  the  least  weight  required  to  scratch  a  crystalline  surface  in  different  directions, 
for  each  10^  or  15*,  from  0*  to  180*,  is  determined  with  the  sderometer ;  these  directions 
are  laid  off  as  radii  from  a  centre,  and  the  lengfth  of  each  is  made  proportional  to  the  weight 
fixed  by  experiment,  that  is,  to  the  hardness  thus  determined ;  the  line  connecting  the 
extremities  of  these  radii  is  the  curve  of  hardness  for  the  given  plane. 


0.  Tenacht. 

Solid  minerals  may  be  either  brittle,  sectile,  malleable,  flexible,  or  elastic. 

(a)  Brittle;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
ottcmpting  to  cut  it ;  calcite. 

(J)  Sectile ;  when  pieces  may  be  cnt  off  with  a  Inife  without  falling  to 
l)owder,  but  still  the  mineral  pulverizes  under  a  haiamer.  This  character 
IS  intermediate  between  brittle  and  malleable;  gypsum. 

(c)  Malleahle ;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer ;  native  gold,  native  silver. 

(dT)  Flexible;  when  the  mineral  will  bend,  and  remain  bent  after  the 
bending  force  is  removed ;  talo. 
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(e)  Elastic  ;  when  after  being  bent,  it  will  spring  back  to  its  original 
position  ;  mica. 

The  elasticity  of  crystallized  minerals  is  a  subject  of  theoretical  rather 
(than  practical  importance.  The  subject  has  been  acoustically  investigated 
by  Savart  with  very  interesting  results.  Reference  may  also  be  made  to 
the  investigations  of  Neumann,  and  later  those  of  Voigt  and  Grotli.  The 
mi>st  important  principle  established  by  tliese  researches  is,  as  stated  by 
Oroth,  that  in  crystals  the  elasticity  (coefficient  of  elasticity)  differs  in 
different  directions,  but  is  the  same  in  all  directions  which  are  crystallo- 
^raphically  identical ;  hence  he  gives  as  tlie  definition  of  a  crystal,  a  solid 
in  which  the  elasticity  is  a  function  of  the  direction. 

Intiiiiately  conneoted  with  the  gttnenl  sabjects  heie  considered,  of  coheabn  in  zelatioii 
to  minerals,  ore  the  flgares  prodaoed  by  etching  on  crystaUine  faces  (Aetzfijforen,  Qer7n,\ 
inyestigated  by  Leydolt,  and  later  by  Baamhauer,  Ezner,  and  others.  This  method  of  investi- 
gation is  of  high  importance  as  revealing  the  molecular  stmcture  of  the  crystal ;  reference, 
however,  most  be  made  to  the  original  memoirs,  whose  titles  are  given  below,  for  the  f aU 
discussion  of  the  &nbjeot. 

The  etching  lb  performed  mostly  by  solvents,  as  water  in  some  cases,  more  generally  the 
ordinary  mineral  acids,  or  caustic  alkalies,  also  by  steam  and  hydrofluoric  acid ;  the  latter  is 
especially  powerful  in  its  action.  The  figures  produced  are  in  the  majority  of  cases  angular 
depressions,  such  as  low  triangular,  or  quadrilateral  pyramids,  whose  outlines  run  parallel  to 
some  of  the  crystalline  edges.  In  some  cases  the  planes  produced  can  be  referred  to  occur- 
ring  cry s tall ographic  planes.  They  appear  alike  on  similar  planes  of  crystals,  and  hence 
serve  to  distinguish  diffurent  forms,  perhaps  in  appearance  identical,  as  the  two  sets  of  planes 
in  the  ordinary  double  pyramid  of  quartz ;  so,  too,  they  reveal  the  compound  twinning  stmo- 
ture  common  on  some  crystals,  as  quartz  (p.  89)  and  arugonite. 

Analogous  to  the  etohing-figiires  are  the  figures  produced  on  the  faces  of  some  ciyatals  by 
the  loss  of  water  (Yerwitterungsfiguren,  Oerm,)  This  subject  has  been  investigated  by  Pape 
(Me  below). 
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IL  SPECIFIC  GRAVITY.* 

The  specific  gravity  of  a  mineral  is  its  weight  compared  with  that  of  an- 
other substance  of  equal  volume,  wiiose  gravity  is  taken  at  unity.  In  the 
case  of  solids  or  liquids,  this  comparison  is  usually  made  with  water.  If  a 
cubic  inch  of  any  mineral  weighs  twice  as  much  as  a  cubic  inch  of  water 
(water  being  the  unit),  its  specific  gravity  is  2,  if  three  times  as  much,  its 
specific  gravity  is  3,  etc. 

The  direct  comparison  by  weight  of  a  certain  volume  of  water  with  an 
equal  volume  of  a  given  solid  is  not  often  practicable.  By  making  use, 
however,  of  a  familiar  principle  in  hydrostatics,  viz.,  that  the  weight  lost 
by  a  solid  immei*8ed  in  water  is  equal  to  the  weight  of  an  equal  volume  of 
water,  that  is  of  the  volume  of  water  it  displaces, — ^the  determination  of  the 
specific  gravity  becomes  a  very  simple  process. 

The  weight  of  the  solid  out  of  water  {w)  is  determined  by  weighing  in 
the  usual  nmnner ;  then  the  weight  in  water  is  found  (i^?'),  when  the  loss  by 
iinmei-sion  or  the  diflfei-once  of  the  two  weights  {w  —  w')  is  the  weight  of  a 
volume  of  water  equal  to  that  of  the  solid  ;  finally  the  quotient  of  the  first 
weight  {w)  by  that  of  the  equal  volume  of  water  as  determined  {yo  —  w") 
is  the  speciiic  gravity  ({?). 

Hence,  G  = 


w  —  w'* 


For  example,  the  weight  of  a  fragment  of  quartz  is  found  to  be  4.534 

grams.      Its  weight  in  water  =  2.817  grains,  and  therefore  the  loss  oi 

weight,  or  the  weight  of  an  equal  volume  of  water  =  1.717.     Consequently 

4  634 
the  specific  gravity  is  equal  to    '      ,  or  2.641. 

Tlie  ordinary  method  for  obtaining  the  specific  gravity  of  finn,  solid 
minerals  is  fii-st  to  weigh  the  specimen  accurately  on  a  good  chemical  bal- 
ance, then  susi)end  it  from  one  pan  of  the  balance  by  a  horse-hair,  silk 
thread,  or  better  still  by  a  fine  platinum  wire,  in  a  glass  of  water  con- 
veniently placed  beneath.  The  platinum  wire  may  be  wound  around  the 
specimen,  or  where  the  latter  is  small  it  may  be  made  at  one  end  into  a 
little  spiral  support.  While  thus  suspended,  the  weight  is  again  taken  with 
the  same  care  as  before. 

The  water  employed  for  this  purpose  should  bo  distilled,  to  free  it  from 
all  foreign  substances.  Since  the  density  of  water  varies  with  its  tempera* 
tare,  a  particular  temperature  has  to  be  selected  for  these  experiments,  in 

♦  See  further  f^^  r\  173. 
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order  to  obtain  nniforin  resnlts:  60"  F.  ie  the  most  conveniont,  and  has 
iiceii  generally  adopted.  But  the  temperature  of  the  maximum  density  ol 
water,  39.2°  F.  (4°  C,),  has  been  recommended  as  preferable.  For  miiieraU 
Bohible  in  water  Eome  ol-her  liquid,  as  alcohol,  benzene,  etc;,,  must  be  em- 
j)ln^ed  whose  apecific  gravity  (y)  is  accurately  known ;  from  the  com- 
parison with  it,  the  specific  gravity  ((?}  of  the  minei-al  as  referred  to  water 
IB  determined,  aa  by  the  formula : 


«j  —  w  ' 

A  very  convenient  form  of  balanoe  la  the  splnl  boUnoe  of  Jolly,  where  the  weight  la  iiMk- 
tnred  b^  the  torsion  of  a  Bpiiol  bram  wire.  The  readings,  which  ^ve  the  weig-ht  of  the  min- 
eral  in  and  out  of  water,  are  obtained  b^  observing;  the  coincidence  of  the  index  with  ita 
tma^  reHected  in  the  mirror  on  which  the  gtBdnaiioQ  ia  made. 

A  form  of  balanoe  in  which  weights  vre  also  dispensed  with,  the  specific  gravii;  beinf;  read 
off  from  a  scale  without  calcnlation,  has  recenU;  been  described  b;  Parish  (Am.  J.  ScL,  IIX., 
I.,  352),     Where  great  aocuraoy  is  not  required,  it  oaa  be  very  oonvenientdy  used. 

If  the  mineral  is  not  solid,  but  pulverulent  or  porous,  it  is  best  to  reduce 
it  to  a  powder  ai'd  weigh  it  in  a  little  glass  bottle  (f,  373) 
*"  called  a  pygnometer.     This  bottle  has  a  stopper  which 

fits  tightly  and  ends  in  a  tube  with  a  very  fiuo  opening. 
Tiie  bottle  is  filled  with  distilled  water,  the  stopper  in- 
serted, and  the  overflowing  water  carefully  removed  with 
a  soft  cloth.  It  is  now  weighed,  and  also  the  mineral 
whose  density  ia  to  be  detertnined.  The  stopper  is  then 
remitved  imd  the  mineral  in  powder  or  in  aiiiall  f  ragmenta 
inserted,  with  care,  so  8S  not  to  introduce  air-biibblea. 
The  water  which  ovei-flows  on  I'eplaciug  the  stopper  is 
the  amount  of  water  displaced  by  the  niinei-al.  The 
weight  of  tlie  pygnometer  with  the  enclosed  mineral  ia 
determined,  and  the  weiglxt'of  the  water  lost  is  obviously 
the  difference  between  this  last  weight  and  that  of  the 
bottle  and  mineral  together,  as  fii-st  determined.  The  specific  gravity  of 
the  mineral  is  eqnal  to  its  weight  alone  divided  by  the  weight  of  tlio  eqnal 
volume  of  water  thus  determined. 

Where  this  method  ia  followed  with  sufficient  care,  especially  avoiding 
any  change  of  temperature  in  tbe  water,  the  results  are  quite  accurate. 
Other  methoda  of  determining  tbe  specific  gravify  will  be  found  described 
in  the  literature  notices  which  follow. 

It  has  been  shown  by  Eoae  that  chemical  precipitates  have  uniformly  a 
higher  density  than  helouga  to  the  same  substance  in  a  less  finely  divided 
state.  This  increase  of  oonBity  also  characterizes,  though  to  a  less  extent, 
a  mineral  in  a  fine  state  of  mechanical  subdivision.  This  is  explained 
by  the  condensation  of  the  water  on  the  surface  of  the  powder. 

It  may  also  be  mentioned  that  the  density  of  many  substances  is  altoi-ed 
by  fusion.  The  same  mineral  in  different  states  of  molecular  aggregation 
may  differ  somewhat  in  density.  Furthermore,  minerals  having  the  samo 
ehemical  composition  have  sometimes  different  densities  lorrespondiugdiihe 
different  crystallinf^  forma  in  which  they  appear  (see  p.  199). 
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For  all  minerals  in  a  state  of  average  purity  the  specific  gravity  is  one  of 
the  most  important  and  constant  cbaracteriBtice,  as  ur^ed  especially  by 
Bi-eithaupt.  Every  cbemical  analysis  of  a  mineral  sboald  be  accompanied 
by  a  careful  determination  of  its  density. 

Practical  iuggestians, — The  fngment  taken  should  not  be  too  large,  say  from  two  to  five 
grams  for  ordinary  cases,  Taiying  somewhat  with  the  density  of  the  mineral.  The  substonoe 
must  be  free  from  imparities,  internal  and  external,  and  not  porous.  Care  must  be  taken  to 
exclude  air-bnbbles,  and  it  will  often  be  found  well  to  moisten  the  surface  of  the  specimen 
before  inserting  it  in  the  water,  and  sometimes  boiling  is  necessary  to  free  it  from  air.  If  it 
absorbs  water  this  latter  process  must  be  aUowed  to  go  on  till  the  substance  is  fully  satu- 
lated.  No  accurate  determinations  can  be  made  unless  the  changes  of  temperature  are 
rigorously  excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
gravity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  be  readdly  obtained.  This 
method  is  often  important  in  the  study  of  rocks. 
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III.  LIGHT.* 

Before  considering  the  distinguishing  optical  properties  of  crystals  of  tlie 
diflFerent  systems,  it  is  desirable  to  review  briefly  some  of  the  more  im- 
portant principles  of  optica  upon  which  the  phenomena  in  qnestion 
depend. 

Nature  of  light. — In  accordance  with  the  undiilatory  theory  of  liny- 
i^liens,  as  further  developed  by  Young  and  Fresnel,  light  is  conceived  to 
consist  in  the  vibrations,  transvoi'se  to  the  direction  of  propagation,  of  the 
])articles  of  imponderable,  elastic  ether^  which  it  is  assumed  pervades  all 
space  aa  well  as  all  material  bv^dies.  These  vibrations  aro  propagated  with 
great  velocity  in  straight  linos  and  in  all  directions  from  tne  luminous 
pdint,  and  the  sensation  which  tJiey  produce  on  the  nerves  of  the  eye  is 
called  liffht 

The  nature  of  the  vibrations  will  be  understood  from  f.  374.  If  AJS 
represents  the  direction  of  propagation  of  the  light-ray,  each  particle  of 
ether  vibrates  at  right  angles  to  this  as  a  line  of  equilibrium.    The  vibra- 

*  See  further  on  ppr  177  et  seq. 
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tioii  of  tbe  first  particle  inducea  a  similar  movement  in  the  adjacent  pM^ 
tide ;  this  is  communicated  to  tbe  next,  and  so  od.  The  particles  vibrate 
succeBsively  from  the  liue  AB  to  a  distance  corresponding  to  hb'.uaWcA  the 
amplitvde  of  the  vlbi-atioQ,  then  retaru  to  b  and  pass  on  to  b",  and  ao 


on.  Thns  at  a  given  instant  there  are  particles  occupying  all  poeitiona, 
from  that  of  the  extreme  distance  b',  or  c',  from  the  line  of  eqailibrinm  to 
that  on  this  line.  In  this  way  tbe  wave  of  vibration  moves  forwai-d,  while 
tliu  motion  of  the  particles  is  only  tiansverse.  In  tlie  figure  the  vibrations 
are  represGhted  in  one  plane  only,  but  in  ordinary  light  they  take  place  ir. 
all  directions  abiiut  tbe  line  AB.  Tlie  distance  between  any  two  particles, 
wbicb  are  in  like  positions,  of  like  phaae,  as  b'  and  c',  is  called  the  toave- 
Untjth  :  and  the  time  requii-ed  for  this  completed  movement  is  called  the 
time  of  vibration.  The  intensity  of  the  light  varies  with  tlie  amplitude  of 
the  vibrations,  and  tlie  color  depends  upon  the  length  of  the  waves ;  tlie 
wave-lengths  of  the  violet  rays  are  shorter  than  those  of  the  red  rays. 

Two  waves  of  like  phase,  propagated  in  tbe  same  direction  and  of  eqnal 
intensity,  on  meeting  unite  to  form  a  wave  of  double  intensity  (double 
amplitnde).  If  the  waves  differ  in  phase  by  half  a  wave-length,  or  aa  odd 
uiulciple  of  this,  tliey  interfere  and  extinguish  each  other.  For  other  rela- 
tions of  phase  they  are  also  said  to  interfere,  forming  a  new  resultant  wave, 
differing  in  phase  and  amplitude  from  each  of  the  component  waves;  if 
they  are  waven  of  white  light,  their  iuterfei'ence  is  indicated  by  the  appeai-- 
anco  of  the  successive  colors  of  the  spectrum.  Tbe  propagation  of  the 
vibrathm-waves  of  light  is  sometimes  compared  to  the  effect  produced 
when  a  pebble  is  thi-own  in  a  sheet  of  quiet  water— a  seiies  of  eoncentrio 
circular  waves  ai-e  sent  out  from  the  point  of  agitation.  These  waves  con- 
sist in  the  ti-anavei-se  vibration  of  tbe  particles  of  water,  the  waves  move 
forward,  but  the  water  simply  vibrates  to  and  fro  vertically. 

The  waves  of  light  are  propagated  forward,  in  an  analogous  manner,  in 
all  directions  from  the  luminous  point,  and  the  surface  which  contains  all 
the  particles  which  commence  tlieir  vibrations  simuitanoously  is  called  the 
wave-surface  (Weileuflache,  Oerm.). 

If  the  propagation  of  light  goes  on  witli  the  same  velocity  in  all  direc- 
tions in  a  homogeneous  medium,  the  wave-surface  is  obviously  that  of  a 
Bph{;re  and  tbe  medium  is  said  to  be  iaotrope.  If  it  takes  place  with  dif- 
ferent velocities  in  different  directions  in  a  body,  the  wave  surface  is  some- 
times an  ellipsoid,  but  never  spherical,  as  Is  ^own  later;  such  a  b^ly  ii 
culled  aninotrope. 

All  the  phenomena  of  optics  are  explained  upon  the  suppositiim  of  isavet 
of  light,  whose  change  of  direction  accompanies  refraction,  whose  interfer- 
eni«  produces  the  colored  bands  of  the  diffraction  spectra,  etc.  For  the 
full  dieouBsiw  of  the  anbject  reference  must  be  made  to  works  on  optics. 
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Sofraction. — A  ray  of  liji^ht  passing  through  a  homogeDeons  inediom  is 
alwavs  propagated  in  a  etraigbt  line  without  deviation.  When,  however, 
tho  light-ray  passes  from  one  medium  ti>  another,  which  is  of  different 
ileiisity,  it  suffere  a  change  of  direction,  which  m  called  refraction.  For  in- 
8tam«,  in  f.  375,  if  ca  is  a  ray  of  light  passing  from  air  into  water,  its  path 
will  l>e  ohaiiged  after  pasBiii"  the  surface  at 
«,  and  it  wit]  continue  in  the  direction  ah.  "™ 

Conversely,  if  a  ray  of  light,  ba,  pass  from 
the  denser  medium,  watei-,  into  the  rarer 
medium,  air,  at  a,  it  will  take  the  direction 

If  now  moo  is  a  perpendicular  to  the  sur- 
face at  a,  it  will  be  seen  that  the  angle  cam, 
called  the  angle  of  inoidenoe  {{)  of  the  ray 
ca  is  greater  than  the  angle  boo,  called  the 
angle  of  refraction  (r),  and  what  ia  observed 
in  this  case  is  found  to  bo  nnivei-sally  true, 
and  the  law  is  expressed  as  follows : 

A  ray  of  light  in  passing  froin  a  rarer 
to  a  denser  medium  ia  refracted  towakdb 

tkg  perpendicular  ;  if  from,  a  denser  to  a  rarer  medium  it  ia  refracted 
away  from  the  perpendicular. 

A  further  relation  has  also  been  established  by  experiment :  however 
great  or  small  ihe  anj^le  oE  iTicidence,  cam  (i),  may  be,  there  is  always  a 
iToiistant  iclation  between  it  and  the  angle  of  refraction,  ^awi  (?■},  for  two 
given  substances,  as  here  for  air  and  water.  This  is  seen  in  tlie  figure  where 
iif  and  da  are  the  sines  of  the  two  angles,  and  their  ratio  (=  J  nearly)  is 
lliii  same  at  that  of  the  sine  of  any  other  angle  of  incidence  to  the  sine  of 
its  angle  of  refraetiou.     This  principle  is  expressed  as  follows:        . 

The  sine  of  the  angle  ofirwidence  bears  a  constant  ratio  £o  the  sine  of 
(he  angle  of  refraction. 

This  constant  ratio  between  these  two  angles  is  called  the  index  of  refrac- 
tion, or  simply  n.     In  the  example  given  for  air  and  water  -. —  :=  1.3^5, 

and  consequently  the  value  of  the  index  of  refraction,  or  n,  is  1.335. 

The  f<)llowing  table  includes  tlie  values  of  n  for  a  variety  of  substanrcB. 
Fur  all  crystallized  minemls,  except  those  of  the  isometric  system,  the  index 
of  refrai-tion  has  more  than  one  vahie,  as  is  explained  in  the  pages  whiuh 
follow. 

Ice 1.308         Calcite .' 1.654 

Water 1.385         Aragonite 1.6y3 

Fhiorite 1.436        Boracite 1.701 

Alam 1.457        Garnet 1.815 

Chalcedony 1..553        Zircon 1.961 

Rock-salt 1.557        Blende 2.260 

Quartz. 1.548         Diamond 2.41i> 

In  the  principle  which  has  been  stated,  -; —  =  n,  twc  points  are  to  be 
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noted.  Fii'st,  if  the  angle  i  =  0°,  then  sin  i  =  0,  and  obvionslj  alec  r  =  0^ 
i:i  other  words,  when  the  my  of  light  coincides  with  the  perpendicular  no 
refraction  takes  place,  the  ray  proceeding  onward  into  the  second  medium 
without  deviation. 

Again,  if  the  angle  i  =  90*^,  then  sin  i  =  1,  and  the  equation  above  be- 
comes - —  =  n,  or  sin  r  =  —  •    As  n  has  a  fixed  value  for  every  substance, 
sin  >•  n  ./I 

it  is  obvious  that  there  will  also  be  a  cori^espondiuff  value  of  the  angle  r 

for  the  case  mentioned.    From  the  above  table  it  is  seen  that  for  water 

1  1 

sin  r  =  -— ^;r^,  and  r  =  48°  35' ;  for  diamond,  sin  r  =  — ---,  and  r  =  24®  25'. 
1.33o  2.42 

In  the  example  employed  above,  if  the  angle  boo  (r)  =  48°  35',  the  line  ac 

will  coincide  with  a^f  supposing  the  light  to  go  from  b  to  a.    If  r  is  greater 

than  48°  35',  the  ray  no  longer  passes  irom  the  water  into  the  air,  but  suffei-s 

total  reflection  at  tlie  surface  a.    This  value  of  r  is  said  to  be  the  limitiue 

vahie  for  the  given  substance.     The  smaller  it  is  the  greater  tlie  amount  oi 

light  reflected,  and  the  greater  the  apparent  briUiancy  of  the  substance  in 

question.     This  is  the  explanation  of  the  brilliancy  of  the  diamond. 

Detemii/nation  of  the  index  of  refrdction* — By  means  of  a  prism,  as 

MNP  in  f.  376,  it  is  possible  to  determine 

the  value  of  w,  or  index  of  refraction  of  a 

given  substance.     The  full  explanation  of 

fliis  subject  belongs  to  works  on  optics,  but 

a  word  is  devoted  to  it  here.     If  the  material 

is  solid,  a  prism  must  "be  cut  and  polished, 

with  its  edge  in  the  proper  direction,  and 

,4f    having  not  tOo  small  an  angle.     If  the  refrac- 

^  tive  index  of  a  liquid  is  required,  it  is  placed 

within  a  hollow  prism,  with  sides  of  plates  of  glass  having  both  surfaces 

parallel. 

The  angle  of  the  i)rism,  MN P  {a)y  is,  in  each  case,  measured  in  tlie 

same  manner  as  the  angle  between  two  planes  of  a  crystal,  and  then  the 

minifnurn  amount  of  deviation  (B)  of  9i,  monochromatic  ray  of  light  passing 

from  a  slit  through  the  prism  is  also  determined.     The  amount  of  deviation 

of  a  ray  in  passing  through  the  piism  varies  with  its  position,  but  when  the 

prism  is  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the 

prism  (i  =  i ,  f .  376),  both  when  entering  and  emerging,  this  deviation  has 

%  faced  miniTnum  value. 

If  S  =  the  minimum  deviation  of  the  ray,  and 

a  =  the  anffle  of  the  prism,  then  n  = ?^-; '-. 

^  ^        '  sinior 

In  determining  the  value  of  n  for  different  colore,  it  is  desirable  to  employ 
rays  of  known  position  in  the  spectrum. 

DoxMc  refraction, — Hitherto  the  existence  of  only  one  refracted  ray  has 
been  assumed  when  light  passes  from  one  medium  to  another.  But  it  is 
a  well-known  fact  that  there  are  sometixnesYt^^c?  refracted  rays.  The  must 
familiar  example  of  this  is  furnished  by  the  mineral  calcite,  also  called  on 
account  <>f  this  property  '^  doubly-refracting  spar." 

If  tnnop  (f .  377)  be  a  cleavage  piece  of  calcite,  and  a  ray  of  li^ht  moetc 

*  See  further  on  p.  177. 


M 


BEFLBOTIOK,  DISPB&8I0N   AND   DIFFJiACTKiN   OK  LIGHT.  129 

it  at  5,  it  will,  in  passing   throuffh,  be  divided    into   two  rays,  be,  bd 
Similarly  a  line  seen  through  a  piece  of  cakite  ordi- 
narily appears  double. 

It  will  be  seen,  however,  that  the  same  property  is 
enjoyed  by  the  great  majority  of  crystallized  minerals, 
though  in  a  less  striking  degi*ee. 

Reflection, — When  a  ray  of  light  passes  from  one 
medium  to  another,  for  example,  from  air  to  a  denser 
substance,  as  has  been  illustrated,  the  light  will  be  par- 
tially transmitted  and  refracted  by  the  latter,  in  the 
maimer  illustrated,  but  a  portion  of  it  (the  ray  a^,  in  f.  375),  is  always 
i-eflected  back  into  the  air.  The  direction  of  the  reflected  ray  is  known 
in  accordance  with  the  following  law : 

T/ie  angles  of  incidence  anu  reflation  are  equal. — In  f.  375  the  angle 
cam  is  equal  to  the  angle  mag. 

The  relative  amount  of  light  reflected  and  transmitted  depends  upon  the 
angle  of  incidence,  and  also  upon  the  transpai*ency  of  the  second  medium. 
If  the  surface  of  the  latter  is  not  perfectly  polished,  diffuse  reflection  will 
take  place,  and  there  will  be  no  distinct  reflected  ray. 

Still  another  impoi-tant  principle,  in  relation  to  the  same  subject,  remains 
to  be  enunciated :  Ths  rays  of  %ncidence,  reflection,  and  refraction  aU  lie 
in  the  same  pUine. 

Diapermm. — Thus  far  the  change  in  direction  which  a  ray  of  light  suffers 
on  refraction  has  alone  been  considered.  It  is  also  true  that  the  amount 
of  refraction  diffei-s  for  the  different  colors  of  which  ordinary  white  liffht 
is  composed,  being  greater  for  blue  than  for  red.  In  consequence  of  this 
fact,  if  a  ray  of  ordinary  light  pass  through  a  prism,  as  in  f.  376,  it  will 
not  only  l)e  refracted,  but  it  will  also  be  separated  into  its  component  colors, 
thus  funning  the  spectrum,. 

This  variation  for  the  different  colors  depends  directly  npon  their  wave- 
lengths ;  the  red  rays  have  longer  waves,  and  vibrate  more  slowly,  and 
hence  suffer  less  refraction  than  the  violet  rays,  for  which  the  wave-lengths 
are  shorter  and  the  velocity  greater. 

Interference  of  light;  aiffraction, — When  a  ray  of  monochromatic  light 
is  made  to  pass  through  a  narrow  slit,  or  by  the  edge  of  an  opaque  body, 
it  is  diffracted^  and  there  arise,  as  may  be  observed  upon  an  appropriately 

!)laced  screen,  a  series  of  dark  and  light  bands,  growing  fainter  on  the  outer 
imits.  Their  presence,  as  has  been  intimated,  is  explained  in  accordance 
with  the  undulatory  theory  of  light,  as  due  to  the  interference,  or  mutual 
reaction  of  the  adjoining  waves  of  light.  If  ordinary  light  is  employed, 
the  phenomena  are  the  same  and  for  the  same  causes,  except  that  the  bands 
are  successive  spectra.  Diffraction  grating,  consisting  of  a  series  of  ex- 
ti-emely  fine  lines  very  closely  ruled  upon  glass,  are  employed  for  the  same 
purpose  as  the  prism  to  produce  the  colored  spectrum.  The  familiar 
phenomena  of  the  colors  of  thin  plates  and  of  Newton's  rings  depend  up<»n 
the  same  principle  of  the  interference  of  the  light  waves.  This  subject  is 
one  of  the  highest  importance  in  its  connection  with  the  optical  propeitie» 
of  crystals,  since  the  phenomena  observed  when  they  are  viewed,  under 
certain  circumstances,  in  polarized  light  are  explained  in  an  analogous 
manner.  (Compare  the  colored  plate,  frontispiece.) 
9 
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Polarization  ly  reflection, — By  polarization  is  understood,  in  general, 
that  change  in  the  character  of  reflected  or  transmitted  h'ght  which  dimin- 
ishes its  power  of  being  further  reflected  or  transmitted.  In  accordance 
with  the  undnlatory  theory  of  light  a  ray  of  polarized  light  is  one  whose 
yibrations  take  place  in  a  single  plane  only. 

Suppose  (f.  378)  mn  and  op  to  be  two  parallel  mirrors,  say  simple 

polished  pieces  of  black  glass ;  a  ray  of  light,  AB^ 

will  be  reflected  from  mn  in  the  direction  BC, 

yig  ^^^r/L         a^d  meeting  qp,  will  be  again  reflected  to  I), 

/^f^"""^^^  When,  as  here,  the  two  mirrors  are  in  a  parallel 

/j»\^^  position,  the  plane  of   reflection  is  clearly  the 

W[     ^^«  same  for  both,  the  angles  of  incidence  are  equal, 

and  the  rays  AB  and  CD  are  parallel.  The  ray 
CD  is  polarized^  although  this  does  not  show 
itself  to  the  eye  direct 

Now  let  the  mirror,  op^  be  revolved  about  BO 
as  an  axis,  and  let  its  position  otherwise  be  un- 
changed, so  that  the  angles  of  incidence  still 
remain  equal,  it  will  be  found  that  the  reflected 
ray,  CD^  loses  more  and  more  of  its  brilliancy  as 
the  revolution  continues,  and  when  the  mirror, 
op^  occupies  a  position  at  right  angles  to  its 
fonner  position,  the  amount  of  light  renected  will  be  a  minimum,  the 
planes  of  reflection  being  in  the  two  cases  perpendicular  to  one  another. 

If  the  I'cvolution  of  tlie  mirror  be  conthiuea  with  tlie  same  conditions  as 
before,  and  in  the  same  direction,  the  reflected  ray  will  become  brighter 
and  bi'ighter  till  the  mirror  has  the  position  indicated  by  the  dotted  line, 
o'p\  when  the  planes  of  reflection  again  coincide,  and  the  i-eflected  ray,  CD' y 
is  equal  in  brilliancy  to  that  previously  obtained  for  the  position  CI). 

The  same  diminution  to  a  minimum  will  be  seen  if  the  revolution  is  con- 
tinued 90°  farther,  and  the  reflected  ray  again  becomes  as  brilliant  as  before 
when  the  mirror  resumes  its  tii-st  position  op. 

In  the  above  description  it  was  asseited  that,  when  the  planes  of  inci- 
dence of  the  mirrors  were  at  right  ano;les  to  each  other,  the  amount  of  light 
reflected  would  be  less  than  in  any  omer  position,  that  is  a  minimum.  For 
one  single  position  of  the  min-ors,  however,  as  they  thus  stand  perpendicular 
to  each  other,  that  is  for  one  single  value  of  the  angle  of  incidence,  the 
light  will  be  practically  extinguished,  and  no  reflected  ray  will  appear 
from  the  second  mirror. 

The  angle  of  incidence,  ABH^  for  this  case  is  called  the  angle  of  polar* 
ization^  and  its  value  varies  for  different  substances.  It  was  shown  further 
by  Brewster  that : 

The  angle  of  polarization  is  that  angle  whose  tangent  is  the  index  of 
refraction  of  the  reflecting  substance,  i.e,y  tan  i=  n. 

Exactly  the  same  phases  of  change  would  have  been  observed  if  the 
apper  mirror  had  been  I'evolved  in  a  similar  manner.  The  first  mirror  is 
oiten  called  the  polarizer,  the  second  the  analyzer. 

This  change  which  the  light  suffers  in  this  case,  it.  consequence  of  re- 
flection, is  (i^]ed  polarization. 
In  order  to  give  a  partial  explanation  of  this  phenomenon  and  to  make 
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the  same  subject  intelligible  as  applied  to  other  cases  in  which  polarijsation 
occars,  reference  must  be  made  to  the  commonly  received  theory  of  the 
iiatni-e  of  light  already  defined. 

The  phenomena  of  lic^ht  are  explained,  as  has  been  stated,  on  the  assump- 
tion that  it  consists  or  the  vibrations  of  the  ether,  the  vibrations  being 
transvei-se,  that  is  in  a  plane  perpendicular,  to  the  direction  in  which  the 
light  is  propagated.  These  vibrations  in  ordinary  light  take  place  in  all 
directions  in  this  plane  at  sensibly  the  same  time ;  strictly  speaking,  the 
vibi-ations  are  considered  as  being  always  transverse,  but  their  directions 
ai-e  constantly  and  instantaneously  changing  in  azimuth.  Such  a  ray  of  light 
is  alike  on  all  sides  or  all  around  the  line  of  propagation,  Ajd^  f.  374. 
A  ray  of  completely  polarized  light,  on  the  other  hand,  has  vibrations  in 
ons  direction  only,  that  is  in  a  single  plane. 

These  principles  may  be  applied  to  the  case  of  reflection  already  de- 
scribed. The  ray  of  ordinary  light,  AB^  has  its  vibrations  sensibly  simul- 
taneous in  all  dii-ections  in  the  plane  at  right  angles  to  its  line  of  propaga- 
tion, while  the  light  reflected  from  each  mirror  has  only  those  vibrations 
which  are  in  one  direction,  at  right  angles  to  the  plane  of  reflection — 
Bupposing  that  the  mirrors  are  so  placed  that  the  angle  of  incidence 
(AiiH)  is  also  the  angle  of  polarization. 

If  the  mirror  occupy  the  position  represented  in  f.  378,  the  ray  of  light, 
BCj  after  being  reflected  by  the  first  mirror,  mUy  contains  that  part  of  the 
vibrations  wluis^  direction  is  normal  to  its  plane  of  reflection  called  the 
plane  <»/ jpohiHzatU/n,  This  is  also  true  of  the  second  mirror,  and  when 
they  are  parallel  and  their  planes  of  reflection  coincide,  the  ray  of  light  is 
reflected  a  second  time  without  additional  change. 

If,  however,  the  sectond  mirror  is  revolved  in  the  way  described  (p.  130), 
less  and  less  of  the  light  will  be  reflected  by  it,  since  a  successively  smaller 
part  of  the  vibrations  of  the  ray  BG  t^ke  place  in  a  direction  normal  to 
its  plane  of  reflection.  And  when  the  mirrors  are  at  right  angles  to  each 
other,  after  a  revolution  of  op  90°  about  the  line  BC  bs  sji  axis,  no  part  of 
the  vibrations  of  the  ray  BG  sre  in  the  plane  at  right  angles  to  the  reflec- 
tion-plane of  the  second  mirror,  and  hence  the  light  is  extinguished. 

By  reference  to  f.  375  this  subject  may  be  explained  a  little  more  broadly. 
It  was  seen  that  of  the  ray  oa,  meeting  the  surface  of  the  water  at  a,  part  is 
reflected  and  part  transmitted  in  accordance  with  the  laws  of  reflection 
and  refraction.  It  has  been  shown  further  that  the  reflected  ray  is  polar- 
ized, that  is,  it  is  changed  so  that  the  vibrations  of  the  light  take  place  in 
one  direction,  at  right  angles  to  the  plane  of  incidence,  ft  is  also  true  that 
the  refracted  ray  is  polarized,  it  containing  only  those  vibrations  which 
were  lost  in  the  reflected  ray,  that  is,  those  which  coincide  with  the  plane 
of  incidence  and  reflection. 

It  was  stated  that  the  vibrations  of  the  polarized  reflected  ray  take  place 
at  riglU  angles  to  the  plane  of  polarization.  This  is  the  assumption  which 
is  commonly  made ;  but  all  the  phenomena  of  polarization  can  be  equally 
well  explained  upon  the  other  supposition  that  they  coincide  with  this 
plane. 

The  separation  of  the  ray  of  ordinary  light  into  two  rays,  one  reflected 
the  other  refracted,  ribrating  at  right  angles  to  ea-ch  ether,  takes  place  most 
winpletely  when  the  reflected  and  refracted  rays  are  90**  from  one  another, 
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as  proved  bj  Brewster.  From  this  fact  follows  the  law  aireadj  stated, 
that  the  tangent  of  the  angle  of  polarization  is  equal  to  the  index  of  re- 
fraction.    The  angle  of  polarization  for  glass  is  about  54°  35'. 

This  separation  is  in  no  case  absolutely  complete,  but  varies  with  differ- 
ent substances.  In  the  case  of  opaque  substances  the  vibrations  belonging 
to  the  refracted  ray  are  more  or  less  completely  absorbed  (compare  remarks 
on  oolor^  p.  168).     Metallic  surfaces  polarize  the  light  very  8lia:htly. 

Polarization  by  m.eans  of  thin  plates  of  glass, — It  has  been  explained 
that  the  light  which  has  been  transmitted  and  refracted  is  always  at  least 
in  part  polarized.  It  will  be  readily  understood  from  this  fact  that  when  a 
number  of  glass  plates  are  placed  together,  the  light  which  passes  through 
them  all  will  be  more  and  more  completely  polarized  as  their  number  is 
increased.  This  is  a  second  convenient  method  of  obtaining  polarized 
light. 

Polarization  hy  means  of  tourmaline  plates, — The  phenomena  of  polar- 
ized light  may  also  be  shown  by  means  of  tourmaline  plates.  If  from 
a  crystal  of  tourmaline,  which  is  suitably  transparent,  two  sections  be 
obtained,  each  cut  parallel  to  the  vertical  axis,  it  will  be  found  that 
these,  when  placed  together  with  the  direction  of  their  axes  coinciding, 
allow  the  light  to  pass  through.  If,  however,  one  section  is  revolved  upon 
the  other,  less  and  less  of  the  light  is  transmitted,  nntil,  when  their  axes  are 
at  right  angles  (90°)  to  each  other,  the  light  is  (for  the  most  part)  extin- 
guished. As  the  revolution  is  continued,  more  and  more  light  is  obtained 
tln'ongh  the  sections,  and  after  a  revolution  of  180°,  the  axes  being  again 
parallel,  the  appearance  is  as  at  first.  A  further  revolution  (270°)  brings 
the  axes  again  at  right  angles  to  each  other,  when  the  light  is  a  second  time 
extinguished,  and  so  on  around. 

The  explanation  of  these  phenomena,  so  far  as  it  can  be  given  here,  is 
analogous  to  that  employed  for  the  case  of  polarization  by  re- 
flection. Each  plate  so  affects  the  ray  of  light  that  after 
having  passed  through  it  there  exist  vibrations  in  one  direction 
only,  and  that  parallel  to  the  vertical  axis,  the  other  vibrations 
being  absorbed.  If  now  the  two  plates  are  placed  in  the  same 
position,  dbdcy  and  efgh  (f.  379),  the  light  passes  through  both 
in  succession.  If,  however,  the  one  is  turned  upon  the  other, 
only  that  portion  of  the  light  can  pass  through  which  vibrates 
still  in  the  direction  ac.  This  portion  is  determined  by  the 
resolution  of  the  existing  vibrations  in  accordance  with  the 
principle  of  the  parallelogram  of  forces.     Consequently,  when  the  sections 

stand  at  right  angles  to  each  other  (f.  380)  the  amount  of 
transmitted  light  is  nothing  (not  strictly  true),  that  is,  the 
light  is  extinguished. 

The  tourmaline  plates,  which  have  been  described,  are 
mounted  in  pieces  of  cork  and  held  in  a  kind  of  wire 
pincers  (f.  381).  The  object  to  be  examined  is  placed 
between  them  and  supported  there  by  the  spring  in  the 
wire.  In  use  they  are  held  close  to  the  eye,  and  in 
this  position  the  object  is  viewed  in  converging  polarized  light. 

PolaHzation  hy  m^ans  of  Nicol  prisms. — The  most  convenient  method 
of  obtaining  polarized  light  is  by  means  of  a  Nicol  prism  of  calcite.     A 
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eleava^  rhombohedron  of  calcite  (the  variety  Iceland,  spar  is  universally 
used  in  coneequenue  of  its  traneparencj)  ia  obtained,  having  fonr  large  and 
two  email  rhotnbohedi-al  faces  opposite  each  other.     In  place  of  the  latter 


plaiies  two  new  surfaces  are  cut,  making  angles  of  68°  (instead  of  71°)  with 

rhe  obtuse  vertical  edges ;  these  then  form  tlie  terminal  faces  of  the  prisrn, 

in  addition  to  this,  the  prism  is  cut  thi-ough  in  the  direction  SJI  (f.  382), 

tliG  parts  ttien  polished  and  cemented  together  again  with 

Canada  balsam.     A  i-ay  of  light,  ab,  entering  the  prism  888 

is  divided  into  two  rays  polarized  at  right  angles  to  each  * 

other.     One  of  these,  be,  on  meeting  the  layer  of  balsam  ' 

(whose  i-efcactive  index  is  greater  than   tliat  of  calcite) 

suffers  total  reflection  (p.  128),  and  is  deflected  f^inst  the 

blackened  sides  of  the  prism  and  extinguished.    The  other 

passes  thi-ough  and  emerges  at  c,  a  completely  polarized 

ray  of  light,  that  is,  a  ray  witli  vibi-ations  in  one  direction 

onlv,  and  that  tlie  direction  of  the  shorter  diagonal  of  the 

prism  (f.  3-S3). 

Itis  evident  that  twoNicol  prisms  can  be  used  together 
in  the  same  way  as  the  two  toui'maline  plates,  or  the  two 
mirrors ;  one  is  called  the  polnriser,  and  the  other  the 
analyser.  The  plane  of  polarization  of  the  Nicol  prisms 
has  the  direction  PP  (f.  383)  at  right  angles  to  which  the 
vibrations  of  the  light  take  place.  A  ray  of  light  pass* 
iiig  through  one  Niuol  will  be  extinguished  by  a  second 
when  its  plane  of  polarization  is  at  right  angles  to  that  of 
the  first  prism;  in  this  case  the  Niuols  are  said  to  he 
crossed.  The  Nicol  prisms  have  the  great  advantage  over  the  tourmaline 
plates,  that  tlie  light  they  transmit  is  nncoloi'ed  and  more  completely 
l>olarized. 

Either  a  tourmaline  plato  or  a  Nicol  prism  888 

may  also  be  used  in  connection  with  a  reflecting 
mirror.  The  light  reflected  by  such  a  miiTor 
vibrates  in  a  plane  at  right  angles  to  the  plane  of 
incidence  (plane  of  polarization) ;  that  trans- 
mitted by  tlie  Nicol  prism  vibrates  in  the  direc- 
tion of  the  shorter  diagonal  (f,  383).  Hence, 
when  the  plane  of  this  diagonal  is  at  right  angles 
to  the  plane  of  polarization  of  the  min-oi-,  the  re- 
flected ray  will  pass  tiirough  the  prism ;  but  when  the  two  planes  mentioned 
coincide,  the  planes  of  vibi-atioii  are  at  right  angles  and  the  reflected  ray  ii 
extinguished  by  the  prism. 
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Pdariscopee,* — The  Nicoi  prieme,  when  ready  for  use,  are  monnted  in  an 
upright  instrument,  called  a  polariacpe.  Sometiinea  vaa-allel,  and  Bome- 
times  converging,  light  is  required  in  the  inveatigationa  for  which  the  instm- 
ineDt  ia  used.     Fig.  384  ghows  the  polarizatlon-uiicroecope  of  Ndrrenhcrg 


as  altered  and  improved  by  Groth  (see 
Literature,  p.  16U).  The  Nieol  prisma 
are  at  t^  and  r,  and  ai-e  so  mounted  as 
to  admit  of  a  motion  of  revolution  in- 
dependent of  the  other  parts  of  the  iu- 
stniinent  The  lense  «  causes  the  light 
from  the  ordhiary  miri-or,  a,  to  pass  as  a 
eoue  through  tho  prism  d,  and  the  lenses 
at  h  converge  the  ligiit  upon  tlie  plate 
to  be  examined  placed  at  i.  The  other 
leUBes(<;)ahove  act  as  a  weak  microscope, 
having  a  field  of  vision  of  130°.  The 
stage  (?and  A),  carrying  the  object,  admits 
of  a  horizontal  revolution.  The  distance 
between  tlie  two  halves  of  tho  instrument 
is  adjusted  by  the  screws  m  and  n. 
yf\\en parallel  light  is  required,  a  similar  instrument  is  employed,  which 
has,  however,  a  different  arrangement  of  the  lenses,  as  shown  in  f.  385. 
The  objects  for  which  these  instruments,  as  well  as  the  tourmaline  plalea, 
are  employed,  will  be  found  described  in  the  following  pages. 

The  Micol  prisma  are  often  used  as  an  appendage  to  me  ordinary  com- 
pound microscope,  and  in  this  form  ai-e  important  ae  enabling  OB  to  ezaminfl 
very  minute  crystals  in  polarized  light.  + 

*  See  further  on  pp.  1:8,  ITS.  t  ^ec  pp.  18:2  et  seq. 
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DISTINGUISHING    OPTICAL   OHARAOTERS  OF   THE  CRTS. 

TALS  OF  THE  DIFFERENT  SYSTEMS. 

It  has  already  been  i*emarked  that  all  crystallized  minerals  group  them- 
selves into  thiee  grand  classes,  which  are  distinguished  by  their  physical 
pi-operties,  as  well  as  their  geometrical  form : 

A.  Isometric^  in  which  the  crystals  are  developed  alike  in  all  the  several 
axial  directions. 

JH,  IsodiametriCy  including  the  tetragonal  and  hexagonal  systems,  whose 
crystals  are  alike  iu  the  directions  of  the  several  lateral  axes,  but  vertically 
tlie  development  is  unlike  that  laterally. 

C.  Anisometric,  embracing  the  three  remaining  systems,  where  the  crys- 
tals are  developed  in  the  three  axial  directions  dissimilarly. 

Between  these  oUusseB  there  are  many  cases  of  gradual  transition  in  czystalline  form,  and. 
similarly  and  necessarily,  in  optical  character.  The  line  between  uniaxial  and  biaxiaJ 
crystals,  for  instance,  caxmot  be  considered  a  very  sharply  defined  one.* 


A.   ISOMETBIO   ObYSTALS. 

Genei'al  Optical  CharcbOter. 

All  isometric  crystals  are  alike  in  this  respect  that  they  simply  refract, 
but  do  not  doubly  refract  the  light  they  transmit.  They  are  optically 
isotrope.  This  follows  directly  fi'om  the  symmetry  of  the  crystallization. 
In  the  language  of  Fresnel,  the  elasticity  of  the  light-ether  is  thix)ughout 
them  the  same,  and  the  liglit  is  propagated  in  every  direction  with  the 
same  velocity.  There  is,  consequently,  but  one  value  of  the  index  of  refrac- 
tion. The  wave-Burface  is  spherical.  This  class  also  includes  all  transh 
parent  amorphous  substances,  like  glass. 

Optical  Investigation  of  Isometric  Crystals. 

In  consequence  of  their  isotropic  character,  isometric  crystals  exhibit  no 
special  phenomena  in  polarized  light.  Sections  of  isometric  crystals  may 
be  always  recognized  as  such  by  the  fact  that  they  behave  as  an  amoi*phou8 
substance  in  polarized  light ;  in  other  words,  when  the  Nicol  prisms  are 
crossed  they  appear  dark,  and  a  revolution  of  tlie  section  in  any  plane  pro- 
duces no  change  in  appearance.  Similarly  they  appear  light  when  placed 
between  parallel  Nicols.     Some  anomalies  are  mentioned  on  p.  158. 

Isometric  crystals  have  but  a  single  index  of  refraction,  and  that  may  be 
determined  in  the  way  described  by  means  of  a  prism  cut  with  its  edge  in 
any  direction  whatever. 

Crystals  of  the  second  and  third  classes  are  optically  anisotrope. 

*  iSee  pp.  186  et  seq. 
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B.  Uniaxial  Cbtstals. 

General  Optical  CAarcLCter. 

In  the  isodiametrio  crystals,  those  of  the  tetragonal  and  hexagonal  sys- 
tems, there  is  erystallographically  one  axial  direction,  that  of  the  vertical 
axis,  which  is  distinguished  from  the  other  lateral  directions  which  ai-e 
amoHLT  tlieraselves  alike.  So  also  the  optical  investigations  of  these  crystals 
show  that  with  reference  to  the  action  of  light  there  exists  a  similar  kind 
of  symmetry.  Light  is  propagated  in  the  direction  of  the  vertical  axis  with 
a  velocity  different  from  that  with  which  it  passes  in  any  other  direction, 
but  for  all  directions  at  right  angles  to  the  vertical  axis,  or  all  directions 
making  the  same  angle  with  it,  the  velocity  of  propagation  is  the  same. 
In  other  words,  the  elasticity  of  the  ether  in  the  direction  of  the  vertical 
axis  is  either  greater  or  less  than  that  in  directions  normal  to  it  (analogous 
to  the  crystallographical  relation  c  ^  a),  while  in  the  latter  directions  it  is 
everywhere  alike. 

Optic  axis, — ^Let  a  ray  of  light  pass  through 
the  crystal  in  the  direction  of  the  vertical  axis, 
abj  in  f.  386,  its  vibrations  must  take  place  in 
the  plane  at  right  angles  to  this  axis ;  but  in  all 
directions  in  this  plane  the  elasticity  of  the  ether 
is  the  same,  hence  for  such  a  ray  the  crystal  must 
act  as  an  isotrope  medium ;  and  the  ray  is  con- 
sequently not  doubly  refracted  and  not  polarized. 
This  direction  is  called  the  optio  axis.* 

Dovhle  refraction, — If,  on  the  other  hand,  the 
ray  of  light  passes  through  the  crystal  in  any  other  direction,  it  is  divided 
into  two  rays,  or  doubly  refracted  (see  f.  377),  and  this  in  consequence  of 
the  dilference  in  the  elasticity  of  the  ether  in  the  plane  in  which  the  vibra- 
tions take  place.  Of  these  two  rays,  one  follows  the  law  of  ordinary 
refraction,  and  this  is  called  the  ordinary  ray  ;  the  other  does  not  conform 
to  this  law,  and  is  called  the  extraordinary  ray.  Both  these  rays  are  j^olar- 
ized,  and  in  planes  at  right  angles  to  each  other ;  the  vibrations  of  the 
extraordinary  ray  take  place  in  the  plane  passing  through  the  incident  ray 
and  vertical  axis,  called  the  princvpal  section^  those  of  the  ordinary  i-ay 
are  in  a  plane  at  right  angles  to  tliis. 

Wave-surface  of  the  ordinary  ray, — The  meaning  of  the  statement  that 
the  ordinai-y  ray  follows  the  law  of  the  simple  refraction  is  this : — the  index 
of  refraction  (co)  of  the  ordinary  ray  has  invariably  the  same  value,  what- 
ever be  the  direction  in  which  the  light  passes  through  the  crystal ;  the 
amount  of  deviation  fi-om  the  perpendicular  is  always  in  accordance  with 

sm  x 
the  law  - —  =  n  (&>).     In  other  words,  the  ordinary  ray  is  propagated  in 

all  directions  in  the  medium  with  the  same  velocity ;  and  hence  the  wave- 


*  It  will  be  anderstood  that  the  apUd  aasit  ia  alwajs  a  d»r«6tt<?n,  not  a  fixed  line  in  the 
nystals. 
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surface  ie  that  of  a  spbere.    Moreover,  the  ordinary  ray  always  r 
the  plauQ  of  incidence. 

Wave-Surface  of  th£  extraordinary  ray, — For  the  extraordiiinrj  ray  the 
law  of  fiiinple  refraction  docB  not  hold  good.  If  experiments  be  made  npon 
any  uniaxial  crystal,  it  will  bo  found  that  the  two  raye  are  most  separated 
when  (1)  the  light  falls  pkkpendicdlak  to  the  vertical  axis.  As  its  inclina- 
tion toward  the  axis  is  diminished,  the  exti-aordinary  ray  approaches  the 
ordinary  my,  and  coincides  wiUi  it  when  (2)  the  light  passes  through  pab- 
ALLEL  to  the  vertical  axis.  The  index  of  ^fraction  of  the  extraordinary  ray 
varies  in  value,  being  most  unlike  m  for  the  fii-st  case  supposed  when  the 
vibrations  of  the  extraordinary  ray  are  parallel  to  the  axis  (when  it  is 
called  e),  and  is  equal  to  w  for  the  second  case  supposed.  The  velocity  of 
this  ray  is  then  variable  in  a  corresponding  manner.  The  wa\'e-8urface  of 
the  extraordinary  ray  is  an  ellipsoid  of  rotation.  Moreover  it  ordinarily 
does  not  remain  in  the  plane  of  incidence. 

Two  cases  are  now  possible :  the  index  {&>)  of  the  ordinary  ray  may  be  (1) 
greater  than  that  of  the  extraoi-dinary  ray  (e),  in  which  case  the  velocity  ol 
the  light  in  the  direction  of  the  vertical  axis  is  leas  than  that  in  any  other 
direction  ;  or  (2)  cd  may  be  leas  tlian  e,  and  in  this  ease  the  velocity  of  pro- 
pagation for  the  light  has  its  maxitniim  parallel  to  the  vertical  axis.  The 
former  are  called  negative,  tlie  latter  positive  crystals.  The  fact  alluded 
to  here  should  be  noted  that  the  value  of  the  refractive  index  is  iuvei-sely 
proportional  to  the  velocity  of  the  light,  or  elasticity  of  the  ether,  in  the 
given  direction. 

Negative  crystals  ;  Wavesurfaoe. — Forcalcite  w  =1-654,  c  =  1-483,  it  is 
hence  one  of  the  class  of  negative  crystals.  The  former  value  (&»)  belongs 
to  the  ray  vibrating  at  right  angles  to  the  vertical  axis,  and  the  latter  value 
{«)  to  the  my  with  vibrations  parallel  to  the  axis.  As  has  been  stated,  the 
refractive  index  for  tlie  extraoidiuary  ray  increases  from  1.483  to  1.C54,  as 
the  ray  becomes  moi-e  and  more  nearly 
parallel  to  the  vertical  axis.     Fig.  387  illus-  "^ 

trates  graphically  the  relation  between  the 
two  indices  of  refraction,  and  the  correspond- 
ing velocities  of  the  rays;  ab  represents  the 
direction  of  the  vertical  axis,  that  is,  the  opti<} 

axis.      Also  )«a,  jnA  represent  the  velocity     '  * 

of  the  light  parallel  to  tliis  axis,  coiTespond- 
ing  to  the  greater  index  of  refraction  (1-654). 
The  circle  described  with  this  radius  will 
i-epresent  tlie  constant  velocity  of  the  ordi- 
nary ray  in   any  dii'ection   whatever.     Let 

furtliei'  Jnd,  mo  represent  the  velocity  of  the  extraordinary  ray  passing  at 
right  angles  to  the  axis,  hence  corresponding  to  the  smaller  index  -A 
refraction  (1-483).  The  ellipse,  whose  major  and  minor  axes  are  fd 
and  ai,  will  express  the  law  in  accordance  with  which  the  velocity  of  the 
extraordinary  ray  varies,  viz.,  greatest  in  the  direction  md,  least  in  the 
direction  ab  in  which  it  coinciaes  with  the  ordinary  i-ay.  For  any  inter- 
mediate direction,  hgm,  the  velocity  will  be  expressed  by  the  length  of  the 
line,  hm. 

Now  lot  this  figure  be  revolved  about  the  axis  ah  \  there  will  be  geuoiated 
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&  circle  within  au  oblate  ellipBoid  of  rotation  (f.  388).     The  snrface  ut  Um 

sphere  is  the  vjavesurface  of  the  ordinary  ray 

898  and  that  of  the  ellipsoid  of  the  extraordinary 

ray  ;  the  line  of  their  intersection  is  the  optic 

axis. 

In  f.  377,  p.  147,  the  ray  of  light  is  shown 
divided  into  two  by  the  piece  ol  caleite  ;  of 
these,  id,  which  is  the  more  refracted,  is  the 
ordinary  ray,  and  bo,  which  is  less  refracted,  is 
the  extraordinary  ray. 

Positive    cjystalnf'      Wave^urfaee.  —  For 
quartz  w  =  1-548,  «=1'558.     The  index  of 
refraction  for  the  ordinarj'  ray  (a>)  is  Ims  than  that  of  the  extraordinary  my 
(e) ;  qnartz  hence  belongs  to  the  class  of  positive  crystals.     The  value  of  e 
(1'658)  for  the  (.extraordinary  ray  corresponds  to  the  direction  of  the  i-ay  at 
right  angles  to  the  vertical  axis,  when  its  vibrationB  are  pai'allel  to  this  axis. 
Ab  the  direction  of  the  ray  changes  and  becomes  more  and  more  nearly  par- 
allel to  the  axis,  the  value  of  its  index  of  re- 
389  fraction  decreases,  and  when  it  is  parallel  to  the 

latter,  it  has  the  value  1'54S.     The  extraordin- 
ary ray  then  coincides  with  the  ordinary,  and 
there  is  no  double  refraction;  this  is,  as  be- 
fore, the  line  of  the  (/ptic  oici-s.     Tlie  law  for 
both  rays  can  be  repi'eseiited  graphically  in 
the  same  way  as  for  negative  crystals.      In 
f.  389,  amb  is  the  direction  of  the  optic  axis; 
let  ma,  mh  represent  the  velocity  of  the  ordin- 
ary ray,  which  corresponds  to  the  least  i-e- 
fractive   index   (1-548),  the  circle   afbe  will 
express  the  law  for  this  lay,  viz.,  the  iclocity 
the  same  in  every  direction.     Moreover,  let 
md,  mo  represent  the  velocity  of  the  extraor- 
dinary ray,  at  rieht  angles  to  the  axis,  whidi  corresponds  to  the  inaxinium 
ref i-active  index  {1'65S) ;  tlie  ellipse,  tmbo,  will  express  the  lavr  for  velocity 
of  the  extrao I'd i nary  ray,  viz ,  least  in  the  direction  ind,  and  greatest  in  the 
dii-ection  ah,  when  it  is  equal  to  that  of  the  ordinary  ray,  and  varying 
uniformly  between  these  liinits.     If  the  figure  be  revolved  as  before,  tnero 
will  be  generated  a  sphere,  whose  surface  is  the  wave-surface  of  the  ordin- 
ary ray,  and  within,  it  a  }>i'olate  ellipsoid  whose  surface  repi-eseuts  the 
wave-surface  of  the  extraordinary  ray. 
The  following  list  includ<^j  examples  of  both  classes  of  uniaxial  crystals : 

Negative  crystah  (— ),  Positive  crystals  (+), 
Calcite,  Quartz, 

Tourmaline,  ^rcon. 

Corundum,  Hematite, 

Berj'l,  Apophyliite, 

Apatite.  Gaaaiterite. 

It  may  be  remarked  tliat  in  some  species  both  -»-  and  —  varieties  have 
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been  observed.  Certain  crystals  of  apophyllite  are  positive  for  one 
end  of  the  spectrum  and  negative  for  the  other,  and  consequently  for  some 
color  between  the  two  extremes  it  has  no  double  refraction. 

These  principles  make  the  explanation  of  the  use  of  tourmaline  plates  and  caldte  prismt 
as  polarizing  instruments  (p.  150)  more  intelligible. 

The  two  rays  into  which  the  single  ray  is  divided  on  passing  through  a  uniaxial  crystal  are, 
as  has  been  said,  both  polarized,  the  ordinary  ray  in  a  plane  passing  through  the  vertical 
axis  and  the  extraordinary  ray  perpendicular  to  this.  In  a  tourmaline  plate  of  the  proper 
tiliclmess,  cut  parallel  to  the  axis  c,  the  ordinary  ray  is  absorbed  (for  the  most  part)  and  the 
extraordinary  ray  alone  passes  through,  having  its  vibrations  in  the  direction  of  the  vertical 
axis. 

In  the  calcite  prism,  of  the  two  refracted  and  polarized  rays,  the  ordinary  ray  is  disposed  of 
artificially  in  the  manner  mentioned  (p.  151),  and  the  extraordinary  ray  alone  passes  through, 
vibrating  as  already  remarked,  in  the  direction  of  the  axis  c,  or,  in  other  words,  of  Uie 
shorter  diagonal  of  the  Nicol  prism. 

The  relation  of  these  phenomena  to  the  molecular  structure  of  the  crystal  is  well  shown 
by  the  effect  of  pressure  upon  a  parallelepiped  of  glass.  Glass,  normally,  exhibits  no  colored 
phenomena  in  polarized  light,  since  the  elasticity  of  the  ether  is  the  same  in  all  directions, 
and  there  is  hence  no  double  refraction.  But  if  the  block  be  placed  under  pressure,  exerted 
on  two  opposite  faces,  the  conditions  are  obviously  changed,  the  density  is  the  same  in  the 
both  lateral  directions  but  differs  from  that  in  the  direction  of  the  axis  of  pressure.  The  sym- 
metry in  molecular  structure  becomes  that  of  a  uniaxial  crystal,  and,  as  would  be  expected, 
on  placing  the  block  in  the  polariscope,  a  black  cross  with  its  colored  rings  is  observed,  exactly 
as  with  calcite.  Similarly  when  glass  has  been  suddenly  and  unevenly  cooled  its  molecular 
structure  is  not  homo^neoxis,  %Qd  it  will  be  found  to  polarize  light,  although  the  phenomena, 
for  obvious  reasons,  will  not  have  the  regularity  of  the  case  described. 

It  may  be  added  here  that  recent  investigations  by  Mr.  John  Kerr  have  shown  that  electii* 
dty  calls  oat  birefringent  phenomena  in  a  block  of  glass. "  (Phil  Mag.,  1.,  337.) 


Optical  Investigation  of  Uniaxial  Crystals, 

Sections  normal  or  pa/raUel  to  the  oasis  in  polaHzed  light* — Suppose  a 
section  to  be  cut  perpendicular  to  the  vertical  axis  (axial  section),  it  has 
already  been  shown  tnat  a  ray  of  light  passing  through  the  crystal  in  this 
direction  suffers  no  change,  consequently,  such  a  section  examined  in 
parallel  polarized  light,  in  the  instrument  (f.  385),  appeal's  as  a  section  of 
an  isometric  crystal. 

If  the  same  section  be  placed  in  the  other  instrument  (f.  384,  p.  152), 
arranged  for  viewing  the  object  in  converging  light,  or  in  the  tourmaline 
tongs,  a  beautiful  phenomenon  is  observed  ;  a  symmetrical  black  cross — 
when  the  Nicols  or  tourmaline  plates  are  crossed — with  a  series  of  concentric 
rings,  dark  and  light,  in  monochromatic  light,  but  in  white  light,  showing 
tlie  prismatic  colors  in  succession  in  each  ring.  This  is  shown  without  the 
colors  in  f.  390,  the  arrangement  of  the  colors  in  the  elliptical  rings  of  the 
colored  plate  (frontispiece)  is  similar. 

This  cross  becomes  white  when  the  Nicols  or  tourmalines  are  in  a  par- 
allel i)osition,  and  each  baud  of  color  in  white  light  changes  to  its  complo- 
ineutary  tint  (f.  391).  These  interference  fitfures  are  seen*  in  this  form 
only  iu  a  plate  cut  perpendicular  to  the  vertical  axis,  and  marks  the  uni- 
'.ijr.id  character  of  the  crystal. 

The  explanation  of  this  phenomenon  can  be  only  hinted  at  in  this  place 


*  Uniaxial  crystals  which  produce  circular  polarization  exhibit  interference  figures  which 
differ  somewhat  from  those  described.  Some  anomalies  are  mentioned  on  p.  158.  See  also 
pp.  185  et  seq. 
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A.11  the  raye  of  liglit,  whose  vibrations  coincide  with  the  vibration-pliDM 
:>f  either  of  the  croeaed  NicolB,  must  neceseai'ily  be  extin^rtiished.  Tliit 
gives  rise  to  the  black  cross  in  the  centre,  with  its  arms  in  the  direction  of 
llie  planes  mentioned.  All  other  rays  passing  tlirongh  the  given  plate 
obliquely  will  he  doubly  refracted,  and  after  passing  thi'oiigh  the  second 
Nicol,  thus  being  referred    to  the  same  plane  of   polarization,  they  will 


interfere,  and  will  give  rise  to  a  series  of  concentric  rings,  light  and  dark 
in  homogeneous  light,  but  in  ordinary  light  showing  the  successive  colors  of 
the  spectrum.  Ini'egard  to  the  interference  of  polarized  rays,  the  fact  muci 
be  stated  that  that  can  take  place  only  when  they  vibrate  in  the  same  plane ; 
two  rays  vibrating  at  I'ight  angles  to  each  other  cannot  interfere.  These 
interference  phenomena  are  similar  to  the  successive  spectra  obtained  by 
diffraction  gratings  alluded  to  on  p.  129.  It  is  evident  that,  in  oi-der  to 
observe  the  phenomena  most  advantageously,  the  plate  innst  have  a  suitable 
thickness,  which,  however,  varies  with  the  refractive  index  of  the  substance 
The  thicker  the  plate  the  smaller  the  rings  and  the  more  they  are  crowded 
together  ;  when  the  thickness  is  considerable,  only  the  black  brushes  ai« 
seen. 

Section  fwriMel  {or  sharply  inclined)  to  the  axis. — If  a  section  of  a  uni- 
axial crystal,  cut  parallel  or  inclined  to  the  vertical  axis,  be  examined  in 
parallel  polarized  light,  it  will,  when  its  axis  coincides  with  the  direction 
of  vibration  of  one  of  the  Nicol  prisms,  appear  dark  when  the  prisms  ai-e 
erassed.  If,  however,  it  be  revolved  iiorizoutally  on  the  stage  of  tlie  polari- 
scope  {I,  I,  f.  384)  it  will  appear  altei'iiately  dark  and  light  at  intervals  of  45°, 
dark  under  the  couditicns  mentioned  above,  otherwise  more  or  less  light,  the 
maximum  of  light  being  obtained  when  the  axis  of  tlte  section  makes  an 
angle  of  45^  with  the  plane  of  the  Nicol.  Between  parallel  Nicols  the 
uhenoineua  are  the  same  except  that  the  ligiit  and  darkness  are  reversed. 
When  the  plate-is  not  too  tliick  the  polarized  ray,  after  passing  the  upi>er 
Nicol,  will  interfere,  and  in  white  light,  the  plate  will  sliow  bright  coloi-s, 
which  change  as  one  of  the  Nieols  or  tlie  plate  is  revolved. 

Bxamincd  in  converging  light,  similar  sections,  when  very  thin,  show  in 
irhite  light  a  series  of  parallel  colored  bands. 

Determination  of  the  indices  of  refraction  a  and  e. — One  prism  will 
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vnffice  for  the  determination  of  both  indices  of  refraction,  and  its  edge  may 
be  either  parallel  or  perpendicular  to  the  vertical  axis. 

(a)  If  parallel  to  the  vertical  axis,  the  angle  of  minimum  deviation  for 
each  ray  in  succession  must  be  measured.  The  extraordinary  raj  vibrates 
parallel  to,  and  the  ordinary  ray  at  right  angles  to,  the  direction  or  the  edffe 
of  the  prism.  For  convenience  it  is  better  to  isolate  each  of  the  rays  in 
succession,  which  is  done  with  a  single  Nicol  prism.  If  this  is  hold  befc>re 
the  observing  telescope  with  its  shorter  diagonal  parallel  to  the  refracting 
edge  of  the  prism,  the  ordinary  ray  will  be  extinguished  and  the  image  ot 
the  slit  observed  will  be  that  due  to  the  extraordinary  ray.  If  held  with  ita 
plane  of  vibration  at  right  angles  to  the  prismatic  edge,  the  extraordinary 
ray  will  be  extinguished  and  the  other  alone  observed.  From  the  single 
observed  angle,  for  the  given  color,  the  index  of  refraction  can  be  calculated, 
0)  or  e,  by  the  formula  given  on  p.  128,  the  angle  of  the  prism  being  known. 

(J)  If  the  refracting  edge  or  the  prism  is  pei'pendicular  to  the  vertical 
axis  of  the  crystal,  the  same  procedure  is  necessary,  only  in  this  case  the 
ordinary  ray  will  vibrate  parallel  to  the  prismatic  edge,  and  the  extraordi- 
nary i*ay  at  right  angles  to  it  The  two  rays  are  distinguished,  as  before,  by 
a  Nicol  prism. 

Determination  of  the  positive  or  negative  character  of  the  dovhle  refrac 
tion, — The  most  obvious  way  of  determining  the  character  of  the  double 
refraction  (o)  >  6  or  ©  >  e)  is  to  measure  the  indices  of  refraction  in  accord- 
ance with  the  principles  explained  in  the  preceding  paragraphs.  It  is  not 
always  possible,  however,  to  obtain  a  prism  suitable  for  this  purpose,  and  in 
any  case  it  is  convenient  to  have  a  more  simple  method  of  accomplishing 
the  result. 

To  do  this,  use  may  be  made  of  a  very  simple  principle  : — the  +  or  — 
chai-acter  of  a  given  crystal  is  determined  by  observing  the  effect  produced 
when  an  axial  section  from  it  is  combined  in  the  polariscope  with  that  of  a 
crystal  of  known  character. 

For  instance,  calcite  is  negative,  and  if  it  be  placed  in  conjunction  with 
the  section  of  a  positive  crystal,  the  whole  effect  observed  is  the  same  as  that 
which  would  be  produced  if  the  original  plate  were  diminished  in  thickness, 
while,  if  combined  with  a  negative  crystal,  it  is  as  if  the  plate  were  made 
thicker.  It  has  already  been  remarked  that,  as  the  axial  plate  of  a  crystal 
increases  in  thickness,  the  number  of  rings  visible  in  the  field  of  the  polari- 
scope increases,  and  they  become  more  crowded  together ;  but,  if  the  section 
is  made  thinner,  the  successive  rings  widen  out  and  become  less  numerous. 
One  or  the  other  of  these  effects  is  produced  by  the  use  of  the  intervening 
Bection. 

Ill  the  case  of  uniaxial  crystals,  however,  the  method  which  is  practically 
most  simple  is  that  suo^gested  by  Dove — the  use  of  an  axial  plate  of  mica  of 
a  certain  thickness.  The  section  required  is  a  cleavage  piece  of  such  a 
thickness  that  the  two  rays  in  passing  thi*ough  suffer  a  dirference  of  phase 
which  is  equal  to  a  quarter  wave-length,  or  an  odd  multiple  of  this. 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendicular 
to  the  axis,  is  brought  between  the  crossed  Nicols  in  the  polariscope ;  the 
black  cross  and  the  concentric  colored  rings  are  of  course  visible.  Let  now, 
while  the  given  section  occupies  this  position,  the  mica  plate  be  placed  upon 
it,  with  the  plane  of  its  optic  axes  (determined  beforehand,  and  the  directioD 
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marked  by  r  line  for  convenience)  making  an  angle  of  45°  with  the  vibr* 
tion-planes  of  the  Nicola ;  the  black  civaeB  disappearB  and  there  remain  only 
two  difljc^nally  situated  dark  spota  in  the  place  of  it  Moreover,  the  colored 
<;iirve8  in  llie  two  quadrants  with  these  spots  are  pushed  farther  away  from 
the  centre  than  the  others.  The  effect  produced  is  represented  in  f.  SaS 
ftiid  f.  393.     If  the  line  joining  these  two  dark  spots  stands  at  right  angles 


to  the  axial  plane  of  the  mica,  the  crystal  is  positive  (f.  S92),  if  this  line 
coincides  witli  the  axial  plane,  the  crystal  is  negative  (1. 393).  The  explana- 
tion of  this  r"'  ' '  is  not  so  simple  ae  to  allow  oi  being  introdnced  here ;  the 
effect  of  tlie  iincu  is  to  produce  circnlar  polarization  of  the  light  which  it 
transmits. 

With  both  tiniailal  uid  biaxial  djatala  the  Btudent  will  find  It  of  great  oMiitanoe  Blwaji 
to  have  at  bis  Bide  a  good  wction  of  a  poeltiTe  and  a  negatiTe  crystal.  B;  oompaiiug  the 
pbenomeaa  oboerved  Ui  tbe  sentioti  under  eiaminatjon  with  thoM  Bhowa  b;  CTTitaU  of  known 
chaiactei,  be  will  ottea  be  taTsd  much  perplezit;. 

For  the  investigation  of  the  absorption  pKetumsna  of  uniaxial  ciTstals 
fee  p.  165. 

CrKOi:i.AB   FOLABIZATIOH. 

In  what  has  been  said  of  polarized  light,  in  the  preceding  pages,  it  has 
been  assumed  that  a  polarized  ray  was  one  whose  vibrations  took  place  in 
a  single  plane,  so  that  the  plane  of  polarization  at  ri^ht  angles  to  this  was  a 
llxed  plane.  Such  a  ray  is  said  to  be  linearly  polarized.  There  ai'c  some 
nniaxml  crystals,  however,  which  have  the  power  to  rotait  the  plane  of  polari- 
zation ;  the  ray  is  said  to  be  circularly  polarized.  They  manifest  this  in  the 
phenomena  observed  when  an  axial  section  is  exarniued  in  tlie  polariscojie. 

An  axial  section  of  a  uniaxial  crystal  normally  exhibits,  in  converging 
polarized  light,  a  black  cross  with  a  series  of  concentric  colored  ciiclea, 
f.  390,  p.  140.  If,  however,  a  section  of  qnartz  be  cat  perpendicular  to  the 
axis  and  vie^ved  between  the  crossed  Kicols,  the  phenomena  obBer\-ed  are 
different  from  tl.eee: — the  central  portion  of  tlie  black  cross  has  disap- 
peared, and  instead,  the  space  within  the  inner  ring  is  brilliantly  colored. 
Furthennore,  when  the  analyzing  Nicol  is  revolved,  this  color  changes 
from  blue  to  yellow  to  red,  and  it  ii  found  that  in  some  easea  tliii 
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change  ib  produced  by  revolving  the  Nicol  to  the  r-ight^  and  in  other  cases 
to  the  left.  To  distinguiBh  between  these  the  first  are  called  right-handed 
rvitating  crystals,  and  the  others  left-handed.  The  relations  here  involved 
will  be  better  understood  if  the  quartz  section  is  viewed  in  parallel  mono- 
chi-omatic  light.  Under  these  circumstances  a  similar  plate  of  calcite 
appeal's  dark  when  the  Nicols  are  crossed,  but  with  quartz  the  maximum 
darkness  is  only  obtained  when  the  analyzer  has  been  revolved  beyond  its 
first  position  a  certain  angle ;  this  angle  increasing  with  the  thickness  of 
tlie  section,  and  also  varvmg  with  the  color  of  the  light  employed. 

For  a  section  1  mm.  thick  in  red  light,  a  rotation  of  the  analyzer  of  19** 
is  required  to  produce  the  maximum  darkness.  For  yellow  light  the 
rotation  is  24°  with  a  plate  of  the  same  thickness ;  with  blue,  32°,  and  so  on. 
The  rotation  of  the  analyzer  with  some  crystals  is  to  the  right,  witli  otherB 
to  the  left. 

The  explanation  of  these  facts  lies  in  the  fact  stated  above,  that  the 
quarts:  rotates  the  plane  of  vibration  of  the  polarized  light,  and  the  angle  of 
rotation  is  different  for  jays  of  different  wave-lengths.  Furthermore,  this 
rotation  of  the  plane  of  vibration  results  ivoin  the  fact  that  in  quartz,  even 
iu  the  direction  of  its  axis,  double  refraction  takes  place.  The  oscillations 
of  the  particles  of  ether  take  place  not  in  straight  lines  but  in  circles,  and 
they  move  in  opposite  directions  for  the  two  rays,  ordinary  and  extraor- 
dinary. 

An  axial  section  of  a  quartz  crystal  can  never  appear  dark  between 
crossed  Nicols  in  ordinary  light,  since  there  is  no  point  at  which  all  the  . 
coIoi-B  are  extinguished ;  on  the  contrary,  it  appears  highly  colored.  The 
color  depends  upon  the  thickness  of  the  section,  and  is  the  same  as  that 
observed  in  the  centres  of  the  rings  in  converging  polarized  light.  If  sec- 
tions of  a  right-handed  and  left-handed  crystal  are  placed  together  in  the 
polariscope,  Oie  centre  of  the  interference  figure  is  occupiecT  with  a  four- 
rayed  spiral  curve,  called  ivora  the  discoverer  Airy's  spiral.  Twins  of 
quartz  crystals  are  not  uncommon,  consisting  of  the  combination  of  right- 
and  left-handed  individual,  which  sometimes  show  the  spirals  of  Airy. 

It  is  a  remarkable  fact,  discovered  by  Herechel,  that  the  right-  or  left- 
handed  optical  character  of  quartz  is  often  indicated  by  the  position  of  the 
ti-apezoliedral  planes  on  the  crystals.  When  a  given  trapezohedral  plane 
appears  as  a  modification  of  the  prism,  to  the  right  above  and  left  below, 
the  crystal  is  optically  right-lianded ;  if  to  the  left  above  and  right  below, 
the  crystal  is  left-hanliel.  In  f .  394  the  plane  is,  as  last  remarked, left  above 
and  right  below,  and  the  crystal  is  hence  left-handed.  Cinnabar  has  been 
shown  by  Des  Cloizeaux  to  possess  the  same  property  as  quartz;  and  this  \% 
true  also  of  some  artificial  salts,'also  solutions  of  sugar,  etc. 

In  twins  of  quartz,  the  component  parts  may  be  both  right-handed  or 
both  left-handed  (as  in  those  ot  Dauphiny  and  the  Swiss  Alps) ;  or  one  may 
be  of  one  kind  and  the  other  of  the  other.  Moreover,  successive  layci*8  of 
deposition  (made  as  the  crystal  went  on  enlarging,  and  often  exceedingly 
thin)  are  sometimes  alternately  right-  and  left-handed,  showing  a  constant 
oscillation  of  polarity  in  the  couroe  of  its  formation  ;  and,  when  this  is  the 
caae,  and  the  layers  are  regula/ty  cross-sections,  examined  by  polarized  light, 
exliibit  ft  divibion,  more  or  less  perfect,  hito  sectors  of  120  ,  parallel  to  the 
piano  li^  or  into  sectors  of  60°.     If  the  layers  are  of  unequal  thickneaa 
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there  are  brotid  weae  of  colors  withont  Hectors.    Ir.  f.  393  (by  I'ea  Cloizeaui, 
fi-ora  a  crystal  from  the  Dept.  of  the  Aude),  halt  of  each  sector  of  60"  it 


right-handed,  and  the  other  half  left  (as  shown  by  the  arrows),  and  the  dark 
radii  are  nentral  bands  produced  by  the  overlapping  of  layers  of  the  twc 
kinds.  These  overlapping  portions  often  exhibit  the  phenomenon  of  Airj'e 
spiral. 

0.  Biaxial  Cbtstals. 

Oenerdl  Optical  Oharact^. 

As  in  the  ciystalline  systems,  thus  far  conpidered,  so  also  in  the  ontsoww- 
trie  systems,  the  orthorhombic,  monoclinic,  and  triclinic,  there  is  a  strict  corre- 
spondence between  the  molecular  8truc;ture,as  exhibited  in  the  eeometrical 
form  of  the  cryBtal8,aiid  their  optical  properties.  In  the  cryarals  of  these 
systems  there  ia  no  longer  one  axis  around  about  which  the  elasticity  of  the 
light-etiier,  that  is,  the  velocity  of  the  Hgiit,  is  everywhere  alike.  On  the 
contrary,  the  relations  are  much  lees  simple,  and  less  easy  to  comprehend. 
There  ai-e  two  directions  in  whicli  the  tight  passes  through  the  crystal 
without  double  refraction — these  are  called  the  oprt'c  aaxs,  and  hence  the 
crystals  are  biaadal — but  in  every  other  direction  a  ray  of  light  is  separated 
into  two  rays,  polarized  at  light  angles  to 
each  other.  Neither  of  these  conforms  to 
the  law  of  simple  refraction.  The  subject 
was  first  developed  theoretically  by  Fresiiel, 
J  and  his  couciimions  have  shice  been   fully 

■"^  verified  by  experiment. 

— '-*■  '■■■A  Axes  of  elasticity. — In  regard  to  the 
elasticity  of  tlie  ether  in  a  biaxial  crystal 
tliere  are  (1)  a  maximum  vahie,  1^1)  a 
minimum  value,  and  (3)  a  mean  value,  and 
these  values  in  the  crystal  are  found  in 
directions  at  right  angles  to  each  other. 
In  f.  396,  CC  represents  the  axis  (t)  of  least  elasticity,  AA'  of  greatetil 
elasticity  (o),  end  BB'  of  mean  elasticity  (b).    A  ray  passing  in  the  dire* 
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dou  CC  vibrates  in  a  plane  at  i-ight  angleB,  that  ie,  pai-allel  to  BB'  and 
AA!.  Similarly  for  the  ray  BB'  the  vibrations  are  parallel  to  AA'  and 
CO',  and  for  the  ray  J.J.*'  parallel  to  BB'  and  VC.  Between  these 
extreme  values  of  the  axes  uf  elastiuity,  the  ehtaticitv  varies  according  to  a 
i-ej;iilar  law,  as  will  be  eeen  in  the  following  diseussion.  The  form  of  the 
wave -surface  for  a  biaxial  crystal  may  be  deteiioined  by  fixing  its  form 
for  the  ptaiiea  of  the  axes  a,  b,  and  c. 

Wave-surfiuie. — First  eoiisider  the  ease  of  rays  in  the  plane  of  the  axr.fl 
BB'  and  CO'  (f.  397>.     A  ray  pasa- 

ing  in  the  direction  BS  is  separated  897 

into  twosetsof  vibrations,  one  paral- 
lel to  AA\  corresponding  to  the 
greatest  elasticity,  moving  more 
ni|iii]lv  than  the  other  set,  parallel 
to  CQ\  which  correspond  to  the 
lc:ist  elasticity.  The  velocities  ofthe 
two  sets  of  vibrations  are  mwde  pro- 
portional to  the  lengths  of  the  Irnes 
mn,  and  mo  respectively,  in  f.  397. 
Again,  for  a  ray  in  the  same  plane, 
parallel  to  CG',  the  vibrations  are 
(1)  parallel  to  AA,  and  prppagated 
faster  (greatest  elasticity)  than  the 
other  set;  (2)  parallel  to  BB  (mean 
elastiuity).  Again,  in  f.  397,  on  the 
line  6'6",  mji",  and  mq"  are  made 
pioportional  to  these  two  velocities; 
iiere  mn  =  mn",  and  for  a  ray  in  the 

same  plane   in  any  other  direction,  there  will  be  one  set  of  vibrations 
parallel  to  AA',  with  the  same  velocity  aa  before,  and  another  set  at  right 
angles  with  a  velocity  between  mo  and  m^',  determined  by  the  elli[)se 
_  wlwee  semi-axes  are  proportional  to  the 
mean  and  least  axes  of  elasticity.  898 

Fig.  397  then  represents  the  section  of 
the  wave-surface  through  the  axes  CG' 
and  BB'.  The  circle  nn"  sliows  the 
constant  velocity  for  ail  vibrations  par- 
allel to  AA't  and  the  ellipse  the  variable 
vahiea  of  the  velocity  for  the  other  set  of 
vihi-atious  at  right  angles  to  the  tii-st. 

Again,  for  a   ray  in  the  plane  AA',  ^ 

BB',  the  njethod  of  the  construction 
is  similar.  The  vibrations  will  in  every 
case  take  place  in  the  plane  at  ri^ht 
angles  to  the  direction  of  the  ray,  which 
plane  must  always  pass  through  the  axis 
UC  of  least  elasticity.  Hence  for  every 
direction  of  the  ray  in  tlie  plane  men- 
tioned, one  Bet  of  vibrations  will  alwayi 
be  parallel  to  CC,  and  hence   be   propagated  with  a  constant  velocity 
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=  nw>',  f .  398),  and  hence  this  ia  expreseed  bj  tlie  eii-cle  oo'.  The  other  set 
of  vibratioiiB  will  be  at  right  angles  to  CC ,  and  the  velocity  witli  which 
they  are  propagated  will  vary  according  as  they  are  parallel  to  AA! 
(=  mm.,  f.  398),  or  parallel  to  JiB'  (=  m.q ),  or  some  intermediate  value  for 
an  intermediate  position.  The  section  o±  the  wave-Biirface  is  consequently 
a  circle  within  an  ellipse. 

Finally,  let  the  ray  pass  in  soraedirection  in  the  plane  6'C?',jiX',  of  least  and 

greatest  elasticity,  Uie  flection  of  the  wave-surface  is  also  a  circle  and  ellipse. 

Suppose  the  ray  passes  in  the  direction 

^^  parallel  to  AA',  the  vibrations  will  be 

(y  parallel  to  CC,  and  (2)  parallel  to 

SB',  those  (1)  parallel  to  6'6"  (least  axis 

of  elasticity)  are  propagated  more  slowly 

than  those  (2)  parallel  to  BB'  (axis  of 

mean  elasticity).     In  f.  399,  on  the  line 

AA',  lay  oSttui'  and  mq'  pi-oportional  to 

these  two  values. 

Again,  for  a  ray  parallel  to  CC  the 

vibrations  will  take  place  (1)  parallel  to 

AA',  and  (2)  parallel  to  BB',  the  former 

will  be  propagated  with  greater  velocity 

than  tliose  latter.     These  two  values  of 

the  velocity  in  the  direction    CC  are 

represented  by  mn"  and  mq"  (=  wij'). 

For  any  intermediate  position  of  the  i-ay 

in  the  same  plane  there  will  always  be 

one  set  of  vibrations  parallel   to  BB' 

(tnq'  =  tnq",  f.  399,  hence  the  circle).     The  other  set  at  right  anglra  to  these 

will  be  propagated  with  a  velocity  va- 

*W  ''y'"K  accoixling  to  the  direction,  from 

that  corresponaing  to  the   least  axis 

of  elasticity  (represented  by  jno',  f.  399), 

to  that  of  the  greatest  axis  of  elasticity 

{mn"). 

Optic  axes. — It  is  seen  that  the  cir- 
cle, representing  the  uniform  velocity 
of  vibrations  parallel  to  b,  and  the 
■  ellipse  repi-esenting  the  varying  value 
of  tlio  velocity  for  the  vibrations  at 
right  angles  to  these,  intersect  one  an- 
other at  /*,  I",  t.  399.  The  obWous 
meaning  of  this  fact  is  that,  for  the 
directions  mP,  and  m/",  making 
equal  angles  with  the  axis  6'6",  tlio 
velocity  is  the  same  for  both  sets  of 
vibrations;  these  are  nut  sepai-ated 
from  each  other,  the  ray  ia  not  doubly 
refracted,  and  not  polarized. 
Tlinse  two  directions  are  called  the  optio  axes.  All  anisouietric  crjstala 
have,  as  lias  been  stated,  two  optic  axes,  and  are  hence  called  biaxial. 
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The  complete  wave-surface  of  a  biaxial  crystal  is  constrnoted  from  the 
three  sections  given  in  f.  397,  398,  399.  It  is  shown  graphically  in  f.  400, 
where  the  lines  PP^  and  P'P'  are  the  two  optic  axes. 

Bi8ect7*ioeSj  or  Mearv-liiies. — As  shown  in  f.  399,  the  optic  axes  always  lie 
!fi  the  plane  of  greatest  (a)  and  least  (c)  elasticity,  and  the  value  of  the  optic 
axial  angle  is  known  when  the  axes  of  elastici^  are  given  as  stated  below. 
The  axis  of  elasticity  which,  as  the  line  GC\  i.  399,  bisects  the  acute  angle 
is  called  the  acute  lnseot7'ix,  or  first  mean-line  (erste  Mittellinie,  Oenn,)^  and 
that  bisecting  the  obtuse  angle,  the  obtuse  bisectrix^  or  second  mean-line 
(zweite  MitteTHnie,  Germ,), 

Positive  and  negative  crystals, — ^When  the  acute  bisectrix  is  the  axis  of 
least  elasticity  (r),  it  is  said  to  be  positive^  and  when  it  is  the  axis  of  greatest 
(a)  elasticity,  it  is  said  to  be  negative,    Barite  is  positive,  mica  negative. 

Indices  of  refra^tioii, — It  has  been  seen  that  in  uniaxial  crystals  there 
ai-e  two  extreme  values  for  the  velocity  with  which  light  is  propagated,  and 
corresponding  to  them,  and  inversely  proportional  to  them,  two  indices  of 
refraction.  Similarly  for  biaxial  crystals,  where  there  are  three  axes  of  elasti- 
city, there  are  three  indices  of  refraction — a  maximum  index  a,  a  minimum  7, 
and  a  mean  value  yS  ;  a  is  the  index  for  the  rays  propagated  at  right  angles 
to  a,  but  vibi-ating  parallel  to  a ;  yS  is  the  Index  for  rays  propagated  pei-pen- 
dicularly  to  b,  by  vibrations  parallel  to  b ;  7  is  the  index  for  i*ays  propagated 

perpendicularly  to  c,  but  vibrating  parallel  to  c.     a  =  -,  ^  =  — ,  7  =  -. 

d  b  t 

If  a,  /8,  and  7  are  known,  the  value  of  the  optic  axial  angle  (2  V)  can  be 

calculated  f i*om  them  by  tlie  following  formula : 


cos  V 


Dispersion  of  the  optic  axes, — It  is  obvious  that  the  three  indices  ol 
refraction  may  have  different  values  for  the  different  colore,  and  as  the  angle 
of  the  optic  axes,  as  explained  in  the  last  paragraph,  is  determined  by  these 
three  values,  the  axial  angle  will  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  rays  of  different  wave 
lengths  is  called  the  dispereion  of  the  axes,  and  the  two  possible  cases  are 
distinguished  by  writing  p  >  v  when  the  angle  for  the  red  rays  {p)  is  greater 
than  tor  the  blue  (violet,  u),  and  p  <  v  when  the  reveree  is  true. 

In  the  properties  thus  far  mentioned,  the  three  systems  are  alike ;  in 
details,  however,  tliey  differ  widely. 

Practical  Investigation  of  Biaxial  Crystals, 

Interference  figures, — A  section  cut  perpendicular  to  either  axis  will 
show,  in  converging  polarized  light,  a  system  of  concentric  rays  analogous 
to  those  of  uniaxial  crystals,  f.  390,  but  more  or  less  elliptical.  There  is, 
raoi-eover,  no  black  (;ro6s,  but  a  single  black  line,  which  changes  its  position 

the  JSicols  are  revolved. 
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If  a  section  of  a  biaxial  crjBta],  cut  perpendicularly  to  tlie  first,  that  it 
acute,  bisectrix,  is  viewed  in  die  polariBcope,  a  different  pheiiomenoii  ie 
observed. 

Tliere  are  seen  in  this  case,  snpposing  tlie  plane  of  the  axes  to  make  an  angle 
of  45°  with  the  planes  of  polarization  of  the  croeeed  Ni»M>l8,  two  binck  hjper- 
U>las,  marking  the  position  of  rhe  axes,  a  series  of  elliptical  ciii-veBBiirn>iiiid- 
mg  the  two  centres  and  fitiallj-  uniting,  fonuiiig  a  soriea  of  lenmiBcates. 
If  monochromatic  light  is  emplojed,  the  rings  are  alternately  light  and 
dark;  if  white  light,  each  ring  shows  the  successive  colors  of  the  spcctrnm. 
If  one  of  tlie  Nicol  prisms  be  revolved,  the  dark  hyperbolic  brnshes  gradu- 
ally become  white,  and  the  colors  of  the  rings  take  tlie  complementary  tinte 
after  a  revolution  of  90°.  Since  the  black  hyperbolic  brushes  mark  the 
position  of  the  optic  axes,  the  smaller  the  axial  angle  the  nearer  togetlier 
are  the  hyperbolas,  and  when  the  angle  is  very  sinall,  the  axial  flgui-e 


observed  closely  reserablcB  tlie  einiple  cnss  of  a  nniaxial  crystal.  On  the 
other  hand,  when  the  axial  an^le  is  lari^c  the  hyperiH)las  are  far  apart,  and 
may  even  Iw  so  far  a])art  as  to  Ije  invisible  in  the  Held  of  the  p'>lari6n>pe. 

When  the  ulaiie  of  the  axes  coincides  with  the  utune  <<f  Tibration  foi 
either  Nicol,  tliese  being  crossed,  an  unsynimetriual  black  cr.«B  is  olwerved, 
and  also  a  scries  of  elliptical  curves,  iioth  these  figures  are  welt  exhibited 
on  the  frontiBpiecfl ;  the  one  gradually  changes  into  the  other  as  the 
crystal -Beet  ion  is  revolved  in  the  horizontal  plane,  the  Nicols  remaining 
Btationary. 

A  Bection  of  a  biaxial  crystal  cnt  pei-pendicnlar  to  the  obtuse  bisectrii 
will  exhibit  the  same  figures  under  the  same  conditions  in  polarized  light, 
when  the  angle  is  not  too  large.  This  is,  however,  generally  the  case,  .ind 
in  consequence  the  axes  suffer  total  r/'Jlectifin  on  the  inner  surface  of  the 
eecrioii,  and  no  axial  figures  are  visible.     This  is  sometimes  the  case  alac 
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wiiii  a  section  cut  normal  to  the  acnte  bisectrix,  when  the  angle  is  large. 
A  micrometer  scale  in  the  polariscope,  f.  384,  allows  of  an  appi'oximate 
measurement  of  the  axial  angle;  the  value  of  each  division  of  the  scale 
being  known. 

Measurement  of  the  axial  avgle* — The  determination  of  the  angle  made 
by  the  optic  axes  is  of  the  highest  importance,  and  the  method  of  proce- 
dure offei'S  no  great  difficulties.  Fig.  401  shows  the  instrument  recom- 
mended for  this  purpose  by  DesCloizeaux ;  its  general  features  will  be 
understood  without  detailed  description ;  some  improvements  have  been 
introduced  by  Groth,  which  make  the  instrument  more  accurate  and  con- 
venient of  use.  The  section  of  the  crystal,  cut  at  right  angles  to  tlie  bisec- 
trix, is  held  in  the  pincere  at  c,  with  the  plane  of  the  axes  horizontal^ 
making  an  angle  of  45°  with  the  plane  of  vibration  of  the  Nicols  (NN\ 
There  is  a  cross- wire  in  the  focus  of  the  eye-piece,  and  as  the  pincers  hold- 
ing the  section  are  turned  by  the  screw  F^  one  of  the  axes,  that  is  one  black 
hyperbola,  is  brought  in  coincidence  with 
the  vertical  cross-wire,  and  then,  by  a 
further  revolution  of  F^  the  second.  The 
angle  which  tiie  section  has  been  turned 
from  one  axis  to  the  second,  as  read  ofiE 
at  the  vernier  K  on  the  gmduated  circle 
above,  is  the  apparent  aiiglft  for  the  axes 
of  the  given  crystal  as  seen  in  the  air 
(aca,  f.  402).  ft  is  only  the  apparent 
angle,  for,  owing  to  the  refraction  suffered 
on  passing  from  tbe  section  of  the  crystal 
to  tho  air,  the  true  axial  angle  is  more  oi 
less  increased,  according  to  the  refractive 
index  of  the  given  crystal. 

This  being  underetood,  the  fact  already 
stated  is  readily  intelligible,  that  when  the  axial  angle  exceeds  a  certain 
limit,  the  axes  will  suffer  total  reflection  (p.  128),  and  they  will  be  no  longer 
visible  at  all.  When  this  is  the  case,  oilf  or  some  other  medium  with  high 
refractive  power  is  made  use  of,  into  which  the  axes  pass  when  no  longer 
visible  in  the  air.  In  the  instrument  described  a  small  receptacle  holding 
the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the  pincera 
holding  the  section  are  immereed  in  this,  and  the  angle  measured  as  before. 

In  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practi- 
cable to  measure ;  but  sometimes,  especially  when  oil  is  made  use  of,  the 
obtuse  angle  can  also  be  determined  irom  a  second  section  normal  to  the 
ubtuse  bisectrix. 


If 


E 

{Ho 

F. 

n 


the  apparent  semi-axial  angle  in  air  (f.  402). 
the  apparent  semi-acute  angle  in  oil. 

u        .<  4<     obtuse    "      "    " 

the  real  (or  interior)  semi-acute  angle  (f.  402). 
"      '*        "        semi-obtuse    "     (f .  402). 
index  of  refraction  for  the  oil. 
the  mean  refractive  index  for  the  given  crystallized  substance. 


i( 


•^  See  further  on  p.  180. 

t  Almond  oil,  which  has  been  decolorized  by  exposure  to  the  light,  is  commonly  employed. 
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sm  E=n  sin  jG?i ;  sin  F«  =  3  Bin  J5?i ;  sin  Fo  =  -5 ain  Ho* 

P  P 

These  formulas  give  the  true  interior  angle  from  the  measured  apj  arent 
an^lo  when  the  mean  refractive  index  (fi)  is  known. 

If,  however,  it  is  pc^ssible  to  measure  both  the  acute  and  obtuse  apparent 
angles,  the  true  angle,  and  also  the  value  of  /8,  can  be  determined  from 
them.    For  sin  Vo  =  cos  F«,  hence  : 

TT        sin  J?^     ^  sin  jG?i  sin  Ho       sin  E 

sm  H^  sm   F,  cos  F«       sm  F^ 

In  measuring  this  angle,  if  white  light  is  employed,  the  colors  being 
separated,  the  position  of  the  hyperbolas  is  a  little  uncertain ;  hence  it  is 
always  important  to  measure  the  angle  for  monochromatic  light,  red  and 
yellow  and  blue  particularly.  This  is  especially  essential  where  the  disper- 
sion of  the  axes  is  considerable. 

Determination  of  the  indices  of  refraction.* — The  values  of  the  three 
indices  of  refraction,  a,  /8,  7,  for  biaxial  crystals,  may  be  determined  from 
three  prisms  cut  with  their  refracting  edges  parallel  respectively  to  the 
three  axes  of  elasticity  a,  b,  and  c.  In  cacli  cuise,  after  the  angle  of  the 
prism  has  been  measured,  the  angle  of  minimum  deviation  must  be  meas- 
ured for  that  one  of  the  two  retracted  rays  whose  vibrations  are  parallel 
to  the  edge  of  the  prism ;  the  formula  of  p.  128  is  then  employed. 

It  is  possible,  however,  to  obtain  the  values  of  a,  ^,  and  7  with  two 
prisms ;  in  this  case  one  of  the  prisms  must  be  so  made  that  its  vertical  edge 
IS  parallel  to  one  axis  of  elasticity,  while  the  line  bisecting  its  refracting 
angle  at  this  edge  is  parallel  to  a  second.  In  the  case  of  such  a  prism  the 
minimum  deviation  of  the  ray  is  obtained  for  both  rays,  that  having  its 
vibrations  parallel  to  the  prism-edge,  and  that  vibrating  at  right  angles  to 
this,  that  is  parallel  to  the  bisector  of  the  prismatic  angle. 

Of  the  thi-ee  indices  of  refraction,  fi  is  one  which  it  is  most  important  to 
determine,  since  by  means  of  it,  in  accordance  with  the  above  formulas, 
the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 
in  air.  The  prism  to  give  the  value  of  yS  should  obviously  have  its  refract 
ing  edge  parallel  to  the  mean  axis  of  elasticity  b,  that  is  at  right  angles  to 
the  plane  of  the  optic  axes. 

Determination  of  the  positive  or  negative  character  of  biaxial  crystals. 
— The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  values  of  the  inaices  of  refraction,  where  these  can  be 
obtained.  If  c,  the  axis  of  least  elasticity,  is  the  acute  bisectrix,  the  crystal 
is  optically  positive  ^  if  a,  the  axis  of  greatest  elasticity,  is  the  acute  bisec- 
trix, the  crystal  is  optically  negative  ^  in  the  former  case  the  value  of  b  is 
nearer  that  of  c  than  of  a,  in  the  second  case  the  reverse  of  this  is  true. 

There  is,  however,  a  more  simple  method  of  solving  the  pix)blem,  as  was 
remarked  also  in  regard  to  uniaxial  crystals.     The  methods  are  similar. 

The  qiiarter-undulation  mica  plate  may  be  employed  just  as  with  uniaxial 
crystals,  but  its  use  is  not  vei7  satisfactory  excepting  when  the  axial  diver- 
gence is  quite  small.     In  tliis  case  it  can  be  employed  to  advantage,  tiie 

*  See  further  on  pp.  177  et  seq. 
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plane  of  die  axes  of  the  crystal  investigated  being  made  to  coincide  with 
the  vibration-plane  of  one  of  the  Nicols,  The  more  general'  method  is  the 
employment  of  a  wedge-shaped  piece  of  quartz  ;  this  is  so  cut  that  one  sur- 
face coincides  with  the  direction  of  the  vertical  axis,  and  the  other  makes 
an  angle  of  4°  to  6°  with  it.  By  this  means  a  section  of  varying  thickness  is 
obtained.  The  section  to  be  examined  normal  to  the  acute  bisectrix  is 
brought  between  the  crossed  Nicols  of  the  polariscope  (f.  384),  and  with  its 
axial  plane  making  an  angle  of  45°  with  the  polarization-plane  of  the 
Nicol  prisms ;  that  is,  so  that  the  black  hyperbolas  are  visible.  The  quaitz 
wedge  is  now  introduced  slowly  between  the  section  examined  and  the 
analyzer ;  in  the  instrument  figured  a  slit  above  ^ives  an  opportunity  to 
insert  it.  The  quartz  section  is  introduced  first,  m  a  direction  at  right 
angles  to  the  axial  plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the 
plate  investigated ;  and  second,  parallel  to  the  axial  plane,  that  is,  in  the 
direction  of  the  line  joining  the  hyperbolas.  In  one  direction  or  the  other 
it  will  be  seen,  when  the  proper  thickness  of  the  quartz  wedge  is  reached, 
that  the  central  rings  appear  to  increase  in  diameter,  at  the  same  time 
advancing  from  the  centre  to  the  extremities. 

The  effect,  in  other  words,  is  that  whicli  would  have  been  pi-oduced  by 
the  thinning  of  the  given  section.  If  the  phenomenon  is  observed  in  the 
first  case  when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is 
to  the  obtuse  bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite 
sign  to  the  (quartz,  that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute 
bisectrix  positive.  If  the  mentioned  change  in  the  interference  figures 
takes  place  when  the  axis  of  the  quartz  is  at  right  angles  to  the  axial  plane, 
then  obviously  the  opposite  must  be  true  and  tlie  acute  bisectrix  is  negative. 

The  same  effect  may  be  obtained  by  bringing  an  ordinary  quartz  section 
of  greater  or  less  thickness,  cut  normal  to  the  axis,  between  the  analyzer  and 
the  crystal  examined,  and  then  inclining  it,  fij-st  in  the  direction  of  the 
axial  plane,  and  again  at  right  angles  to  it.  The  method  of  investigation 
with  the  quaitz  wedge  can  be  applied  even  in  those  cases  where  the  axial 
angle  is  too  large  to  appear  in  the  air. 

Jb'or  the  investigation  of  the  absorption  phenomena  of  biaxial  crystals, 
see  p.  166. 

DiBTurauismNG  Optical  Chabagtbbb  of  Obthobhombio  Gbtstals. 

In  the  Orthorhomhic  System^  in  accordance  with  the  symmetry  of  the 
crystallization,  the  three  axes  of  elasticity  coincide  with  the  thi'ee  crystallo- 
graphic  axes.  Further  than  this,  there  is  no  immediate  relation  between 
the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as  has  been 
stated,  the  choice  of  the  crystallographic  axes  is  arbitrary,  and  has  been 
made,  in  most  crises,  without  reference  to  the  optical  character. 

Schrauf  has  proposed  that  the  crystallogmphic  vertical  axis  {c\  should  be 
always  made  to  coincide  with  the  acute  bisectrix,  which  would  be  very 
desimble,  especially,  as  urged  by  him,  in  showing  the  true  relations  between 
the  orthorhombic  and  hexagonal  systems.  Of  course,  this  suggestion  can 
be  carried  out  only  in  those  species  in  which  the  optical  character  is  known. 

Sohxaaf  (FI17B.  Min.,  p.  802,  803)  ban  ■hown  then  ii  a  doM  analogy  between  oertaia 
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oTthorhombio  orjetals  whose  prinmatio  angle  is  near  120^  (compare  remarks  on  twins,  p  M) 
and  the  crystals  of  the  hexagonal  system.  With  these  the  acute  bisectrix  is  onif  ormly  partUlel 
to  the  prismatic  edg^,  and  normal  to  the  six-sided  basal  plane,  analogous  to  the  one  optic  axis  oi 
tme  hexagonal  forms.  Moreover,  he  shows  that  the  nearer  the  prismatic  angle  approaches 
120^,  the  less  the  difference  between  the  three  axes  of  elasticity,  and  the  nearer  the  approach 
to  the  uniaxial  character. 

By  the  combination  of  thin  plates  of  a  biaxial  mica  optical  phenomena  may,  under  some 
conditions,  be  observed  in  polarized  light  which  are  similar  to  those  shown  by  uniaxial  ctys- 
tals.  Similarly  twins  of  chrysoberyl  (p.  97)  have  been  described  which  in  spots  gave  Uie 
axial  image  of  uniaxial  crystals.  This  subject  has  been  investigated  by  Reusch  (Pogg. 
ozxxvi.,  626,  687, 1869),  and  later  by  Cooke  (Am.  Acad.  Scl,  Boston,  p,  35,  1874). 

Praotieal  Optical  Investigation  of  Orthorhombio  (hyitaU, 

Determination  of  the  plane  of  the  optic  cuces, — The  position  of  the 
three  axes  of  elasticity  in  an  orthorhombio  crystal  is  always  known,  since 
they  must  coincide  with  the  crystal lographic  axes ;  but  the  plane  of  the  optic 
dxes^  that  is,  of  the  axes  of  greatest  (a)  and  least  (c)  elasticity,  mnst  in  each 
case  be  determined.  This  plane  will  be  parallel  to  one  of  the  three  diame- 
tral or  pinacoid  planes.  In  order  to  determine  in  which  the  axes  lie,  it  is 
necessary  to  cnt  sections  parallel  to  these  three  directions  ;  one  of  these  three 
sections  will  in  all  ordinary  cases  show,  in  converging  polarized  light,  the 
interference  figures  peculiar  to  biaxial  crystals.  It  is  evident,  too,  that  two 
of  the  three  secticms  named  determine  the  character  of  tlie  third,  so  that 
the  piano  of  the  optic  axes  and  the  position  of  the  acute  bisectrix  can  be  in 
practice  generally  told  from  them. 

Measurement  of  the  axial  angh^  p  *§.  v, — From  the  section  showing  the 
axial  figures,  that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be 
measured  in  the  manner  which  has  been  described  (p.  149).  If  it  is  prac- 
ticable to  determine  also  the  obtuse  axial  angle,  from  a  second  section  nor- 
mal to  the  obtuse  bisectrix,  it  will  be  possible  to  calculate  the  true  axial 
angle  from  these  data,  and  also  the  mean  index  of  refraction  (S). 

There  is  further  to  be  determined  the  dispersion  of  the  axes.     Whether 

the  axial  angle  for  red  i*ays  is  greater  or 

408  less  than  for  blue  {p  >  v,  or  p  <  v)  can  be 

B'  seen  immediately  fi*om  the  figure  of  the 

f*.  I  ^'  axes,  as  in  f.  la,  1  J,  in  the  colored  plate, 

•'v  \         I         /  yt*  (frontispiece).    It  is  obviously  tme  in  this 

\\      i       /X  case,  from  f.  l<z,  as  also  f .  1  J,  that  the  angle 

\\    I     //  for  the  bine  ravs  is  greater  than  that  tor 

^\  ! /^  the  red  (p  <  c)j  and  so  in  general.     Tins 

■«-- -^1^- B«     same  point  is  «lso  accurately  determined, 

^^|\.  of  course,  by  the  measured  angle  for  the 

yy    I    Vs.  two  monochromatic  colors. 

yV     I     VSw  In  all  cases  the  same  line  will  be  the 

X    /        I       \  \  bisectrix  of  the  axial  angle  for  both  blue 

*^  /  j         \  ^  *^^^  ^^^  ^^J^j  &o  that  the  positi(m  of  the 

ii  respective  axes  is  symmetrical  with  refer- 

ence to  the  bisectrix.  In  f.  403,  the  dis- 
persion of  the  axes  is  illustrated,  where  p  <  V]  it  is  shown  also  that  the 
lines,  ^  jB^  and  jB*  jB*,  bisect  the  angles  of  both  red  {pOp)  and  blue 
{vOv")  rays.    It  also  needs  no  fuither  explanation  that  for  a  certain  relation 
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y£  the  refractive  indices  of  the  different  colors,  the  acute  bisectrix  of  the 
axial  angle  for  red  rays  maj  be  the  obtuse  bisectrix  for  the  angle  for  blue 
rays. 

Indices  of  refraction^  etc, — The  determination  of  the  indices  of  refrac- 
tion and  the  character  (-H  or  — )  of  the  acute  bisectrix  is  made  for  ortho- 
rhombic  crystals  in  the  same  way  as  for  all  biaxial  crystals  (p.  150).  It  is 
merely  to  be  mentioned  tliat,  since  the  axes  of  elasticity  always  coincide 
with  the  crystallographic  axes,  it  will  happen  not  infrequently  that  crystals 
without  artificial  preparation  will  furnish,  in  their  prismatic  or  dome  series, 
prisms  whose  ed^es  are  parallel  to  the  axes  of  elasticity,  and  consequently 
at  once  suitable  for  the  determination  of  the  indices  of  refraction. 


DianNGuiBHiNG  Optical  Ohabaotbbs  of  Monoolinio  CnYvrAiM, 


Position  of  the  axes  of  elasticity. — In  crystals  belonging  to  the  monO' 
clinic  system  one  of  the  axes  of  elasticity  always  coincides  with  the  ortho- 
diagonal  axis  h^  and  the  other  two  lie  in  the  plane  of  symmetry  at  right 
angles  to  this  axis.  Here  obviously  three  cases  are  possible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Corresponding  to  these  three  positions  of  the  axes  of  elasticity,  there  may 
occur  three  kinds  of  dispersion  of  these  axes,  or  dispersion  of  the  hisecti^ices. 
This  disperaion  arises  from  the  fact  that,  while  the  ix)8ition  of  one  axis  of 
elasticity  is  always  fixed,  the  position  of  the  other  two  is  indeterminate  and 
for  the  same  crystal  may  be  different  for  the  different  colors,  so  that  the 
bisectrices  of  the  different  colors  may  not  coincide. 

Dispersion  of  the  hiseetrices, — 1.  The  bisectrices,  that  is,  the  axes  of 
greatest  and  least  elasticity,  lie  in  the  plane  of  sym- 
metry, while  the  orthodiagonal  axis  h  coincides  with  b. 
The  optic  axes  here  suffer  a  dispersion  in  this  plane 
of  symmetry,  and,  as  already  stated,  they  do  not  lie 
symmetrically  with  reference  to  the  acute  bisectrix, 
"[fhis  is  illustrated  in  f.  404,  where  MMS&  the  bisec- 
trix for  the  angle,  vOv\  and  BB  for  the  angle  pOp\ 
This  kind  of  disperaion  is  called  by  DesOloizeaux 
inclined  (dispei-sion  inclin^e). 

2.  The  second  case  is  that  where  the  plane  of  the 
optic  axes  is  perpendicular  to  the  plane  of  symmetry, 
and  the  acute  bisectrix  stands  at  right  angles  to  the 
orthodiagonal  axis  h.  In  other  words,  the  acute 
bisectrix  and  the  axis  of  mean  elasticity  both  lie  in 
the  plane  of  symmetry.  In  this  case  also  dispersion 
of  the  axes  may  take  place,  and  in  this  way — the 

Elane  of  the  optic  axes  for  all  the  colors  lies  parallel  to  the  orthodiagonal, 
ut  these  planes  may  have  different  inclinations  to  the  ve  'tical  axis.     This 
is  called  horizontal  di8i)ei'sion  by  DesCloizeaux. 

3.  Still  again,  in  the  third  place,  the  plane  of  the  optic  axes  lies  pcrpen 
jicular  to  the  ])lane  of  symmetry ;  but  in  this  case  tne  acute  bisectrix  is 
pajtillel  to  the  crystallographic  axis  £,  so  that  the  obtuse  bisectrix  and  axis 
of  mean  elasticity  lie  in  tne  plane  of  symmetry.     The  disperaion  which 
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results  in  this  case  is  called  by  DesCloizeaiix  crossed  (dispersiou  tounianto^ 
or  crois^e). 

Dispersion  as  shown  in  the  interference  figures, — ^If  an  axial  section 
of  a  monoclinic  crystal  be  examined  in  converging  polai'Lzed  light,  the  kind 
of  dispersion  which  characterizes  it  will  be  indicated  by  the  natnre  of  the 
interference  figures  observed  ;  the  three  cases  are  illustrated  by  the  figui-ee 
upon  the  frontispiece,  taken  rrom  DesCloizeaux.  (frontispiece). 

Figs.  !l{j,  IJ  represent  the  interference  figures  for  an  ortnorhombic  crystal 
(nitre^,  characterized  by  the  symmetry  in  the  size  of  the  rings,  and  the 
distribution  of  the  coloi-s.  Figs.  2a,  2i  (diopside),  3a,  Zh  (orthocTasc),  4ij,  4J 
(borax),  are  exami)les  of  the  corresponding  figui'es  for  mono<iliuic  crystals, 
characterized  as  sucJi  more  or  less  distinctly  by  the  want  of  symmetry  in 
the  size  of  the  rings  about  the  two  axes,  and  the  irregularity  in  the  arrange- 
ment of  the  colors. 

(1)  Inclined  dispersion. — ^Where  the  axes  are  not  symmetrically  situated 
with  reference  to  the  acute  bisectrix.  The  relation  or  the  two  axial  figures 
is  illustrated  by  f.  405.     In  f.  2a,  2i  this  kind  of  dispersion  is  indicated  by 


405 


407 


the  position  of  the  red  and  blue  at  the  centres  of  the  rings,  and  on  the 
borders  of  the  hyperbolas,  compare  f.  la,  IJ  of  the  normal  figure,  where 
there  is  no  dispersion  of  the  bisectrices. 

(2)  Horizontal  dispersion^  where  the  planes  of  the  optic  axes  for  the 
different  colors  make  different  angles  with  the  axis. — This  is  illustrated  by 
f.  406.  The  effect  upon  the  interference  figures  is  seen  in  f.  3a,  Zb  of  the 
plate,  by  comparing  the  colors  within  the  rings  (f.  3a),  and  on  the  borders 
of  the  hyperbolas  (f.  3 J),  with  f.  la,  IJ. 

(3)  Grossed  dispersion^  where  the  acute  bisectrix  coincides  with  the 
crystallographic  axis  J. — This  is  illustrated  in  f.  407,  and  the  interference 
figures  belonging  to  this  kind  of  dispersion  are  seen  in  f.  4a,  4i  of  the  plate, 
compared  as  belore  with  la,  IJ,  and  with  the  other  figures. 


Praetieal  Optical  InvesUgaHan  of  MimoeUnic  Cryitak. 

J)ete7*mination  of  the  position  of  the  axes  ofdastioity^  that  isj  the  direc- 
tions of  vibration,  Staurosoope. — The  position  of  one  axis  of  elasticity  is 
alone  known,  since,  as  has  been  stated,  it  coincides  with  the  crystallographic 
axis  b.  ]n  order  to  determine  the  position  of  the  other  axes  in  the  plane  of 
symmetry,  where  they  necessarily  lie,  use  is  made  of  an  instrument,  fii-st 
proposed  by  von  Kobell,  called  the  Staurosoope.  The  principle  of  this 
nistrument  is  very  simple.  Suppose  that  the  two  Nicols  in  the  polari- 
scope  (f.  385)  have  their  planes  of  polarization  crossed,  causing  the  maxi- 
mum extinction  of  light.     Now,  if  a  section  of  any  biaxial  crystal  is  brought 
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408 


between  them,  obviously,  if  the  position  of  its  two  rectangular  axes  ol 
elasticity,  which  are  its  two  directions  of  vibration,  coincide  with  those  ol 
the  two  Nicols,  it  will  produce  no  change  in  appearance ;  the  field  of  the 
polariscope,  which  was  dark  befoTe,  remains  dark.  But  suppose,  on  the 
other  hand,  that  it  is  placed  in  any  other  position  iu  the  plane,  so  tliat  its 
two  rectangular  directions  of  vibration  do  not  coincide  with  those  of  the 
Nicols,  the  field  is  no  longer  dark,  but  more  or  less  light.  The  reason  foi 
this  is,  that  the  light  from  the  lower  Nicol  meeting  the  crystal  ])late  ia 
separated,  according  to  the  law  of  the  parallelogmm  of  forces,  into  two  sets 
of  vibrations,  which  are  again  resolved  by  the  analyzing  Nicol,  and  only  one 
set  extinguished  by  it.  If,  however,  the  plate  be  gradually  changed  in  posi- 
tion, that  is,  revolved  horizontally,  until  its  vibration-directions  (axes  of 
elasticity)  coincide  with  those  of  the  Nicols,  then,  as  at  first,  the  light  is  ex- 
tinguished. If  the  angle  is  measured  which  it  is  necessary  to  revolve  the 
section  to  accomplish  tlie  result  just  remarked,  that  will  be  the  angle  be- 
tween the  direction  of  one  of  the  axes  of  elasticity  of  the  plate  in  its  original 
position  and  the  vibration-plane  of  the  Nicol. 

In  figui-e  408,  let  the  two  larger  rectangular  arrows  represent  the  vibration- 
directions  for  the  two  Nicols,  and  between  the  two 
prisms  suppose  a  section  of  a  monoclinic  crystal, 
abodj  to  be  placed  so  that  one  edge  of  a  known  crys- 
tallographic  plane  (eg.y  i4)  coincides  with  one  of 
these  lines.  The  field  of  the  microscope,  dark  before, 
since  the  prisms  w^ere  crossed,  is  no  longer  so,  and 
becomes  dark  again,  as  explained,  only  when  the 
crystal  is  rcvoh  ed  so  that  its  vibration-directions 
(the  smaller  dotted  arrows)  coincide  with  those  of 
the  Nicols,  which  is  indicated  by  the  maximum 
extinction  of  the  light  The  crystal  has  then  the 
position  a'b'c'd'.  The  angle  (f.  408),  which  it 
has  been  necessary  to  revolve  the  plate  to  obtain 
the  effect  described,  is  the  angle  which  one  of  the  axes  of  elasticity  in  tho 
given  plate  makes  with  the  given  crystallographic  edge  i-i. 

The  preceding  explanations  cover  everything  that  is  essential  in  the 
Stauroscope;  but  a  variety  of  improvements  have  been  introduced,  which 
pmctically  make  the  measurements  by  means  of  the  instrument  much  more 
easy  and  accurate. 

It  will  be  seen  that  the  most  important  feature  is  the  point  where  the 
maximum  extinction  of  the  light  occurs  ;  this,  however,  is  not  easy  for  the 
eye  to  decide  upon,  and  if  the  trial  is  made,  it  will  be  found  that  the  change 
produced  by  a  revolution  of  several  degrees  is  hardly  perceptible.  To 
overcome  this  difficulty,  von  Kobell  proposed  to  introduce  a  section  of  cal- 
cite  just  below  the  analyzer,  because  its  interference  figure  gives  a  iietter 
opjx>rtuuity  to  judge  of  a  change  in  the  intensity  of  the  light.  A  still  better 
plan  is  to  introduce  a  comi.K)sition  plate  of  calcite,  as  proposed  by  lireziua, 
giving  a  peculiar  interference  figure,  a  very  slight  change  in  which  destroys 
Its  symmetry,  and  it  takes  its  normal  form  onlv  when  the  planes  of  polariza 
tion  of  the  two  Nicols  are  exacUy  at  right  angles.  Supposing  this  to  be  the 
case,  when  the  crystal  has  been  introduced  the  interference  figure  is  disturbed, 
it  return  3  to  its  normal  appearance  only  when  the  crystal  has  been  revolved 
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to  the  point  where  the  vibration-directions  of  the  Nicols  and  crystal  section 
exactly  coincide.* 

It  will  be  observed  again,  that  it  is  essential  that  the  direction  of  the 
known  edge  of  the  crystal  slionld  be  exactly  parallel  to  the  vibration-direc- 
tion of  one  of  the  Nicols.  This  condition,  in  the  case  of  small  crystals 
especially,  is  hard  to  fulfil,  and  to  accomplish  it  most  satisfactorily  Groth 
has  proposed  to  use  the  plate  shown  in  f .  409. 

The  plate  of  glass,  t>,  held  in  its  present  position  by  the  spring,  has  one 

edge  polished,  which  adjoins  u^  and  the  direction 
of  this  is  made  to  coincide  exactly  with  the  line 
joining  the  opposite  zero  points  of  the  graduar 
tion.  The  crystal  section  is  attached  to  this  plate 
over  the  hole  seen  in  v,  and  with  a  plane  of 
known  crystallographic  position,  either  0,  i-i  or 
a  plane  m  that  zone  or  a  corresponding  edge, 
coinciding  with  the  direction  of  the  polished  edge 
of  the  plate.  Whether  this  coincidence  is  exact 
can  be  tested  by  the  reflective  goniometer.  In 
order  to  eliminate  any  small  error,  Groth  pro- 
poses to  measure  the  divergence  from  the  exact 
coincidence,  and  then  to  make  a  corresponding 
correction,  for  which  he  furnishes  a  series  of  tables. 

After  the  adjustment  of  the  crystal  section  on  the  plate,  tlie  latter  is 
inserted  in  its  place,  the  whole  plate,  I,  k,  occupying  the  position  indicated 
in  f.  385,  and  the  Nicols  so  adjusted  that  the  plane  of  vibration  of  one 
coincides  witli  the  line  0°  to  180  .  The  angle  of  revolution  of  the  plate,  ^, 
is  obtained  from  the  graduated  scale  on  k. 

It  is  not  always  easy  to  make  the  adjustment  of  the  Nicols  alluded  to, 
but  the  error  arising  when  the  vibration-plane  of  the  Nicol  does  not  coincide 
with  the  line  0°  to  180°  is  easily  eliminated.  This  is  accomplished  by  remov- 
ing the  plate  v,  and,  without  disturbing  the  crystal  section,  restoring  it  to 
its  place  in  an  inverted  position.  The  measured  angle,  if  before  too  great, 
will  now  be  as  much  too  small,  and  the  arithmetical  mean  of  the  two 
measurements  will  be  the  true  angle. 

Reference  further  may  be  made  to  Groth,  Fogg.  Ann.,  cxliv.,  34,  1871. 
Determination  of  the  plane  of  the  optic  ax^s. — The  investigation  of  a 
section  of  a  monoclinic  crystal  parallel  to  the  plane  of  symmetry  determines 
the  position  of  the  two  remaining  axes  of  elasticity,  but  it  does  not  fix  the 
relative  position  of  the  greatest  and  least  axes  of  elasticity,  that  is,  the  plane 
of  the  optic  axes.  To  solve  the  latter  point,  sections  normal  to  each  of  the 
three  axes  must  be  examined  in  converging  polarized  liglit,  and  one  of 
them  will  show  the  clmracteristic  interfierence  figures.  The  section  parallel 
to  the  plane  of  symmetry  is  firet  to  be  examined,  and  if  it  does  not  show 
the  axes  even  in  oil,  one  or  both  of  the  other  sections  spoken  of  must  be 
emploj'ed. 

Axial  angUj  dispersion^  etc. — The  method  of  measuring  the  axial  angle 
has  been  already  explained,  and  if  tliis  is  detei*mined  for  the  different  colors 
it  will  determine  the  disperaon  of  the  axes  p^v. 

The  dispersion  of  the  axes  of  elasticity  has  been  shown  to  be  always 
indicated  by  the  character  of  interference  figures ;  its  amount,  where  con- 

*  See  p.  180  for  a  description  of  the  Calderon  plate. 
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cidorable,  may  be  determined  by  making  the  staaroBcopic  measurements  For 
different  colors. 

The  remaining  points  to  be  investigated,  the  indices  of  refraction,  and 
tlie  -t-  or  —  character  of  the  crystal,  need  no  further  explanation  beyond 
that  which  has  been  given,  pp.  150, 151. 

DiBTINGUIBHINO  OPTICAL  CHARACTEBS  OF  TSICLmiO  GBTBTALflL 

The  crystals  of  the  triclinic  system  are  characterized  by  their  entire  want 
of  crystallographic  symmetry,  the  position  and  inclination  of  the  axes  being 
entirely  arbitrary,  and  it  follows  from  this  that  there  is  no  necessary  connec- 
tion between  them  and  the  rectangular  axes  of  elasticity*  More  than  one  of 
the  three  kinds  of  dispei'sion  mentioned  on  p.  154  may  occur  in  a  single 
crystal,  and  the  interference  figures  will  indicate  the  existence  of  both. 

The  practical  investigation  of  triclinic  crystals  optically  involves  greal 
difficalty ;  in  general  a  series  of  successive  trials  are  required  to  determine 
the  position  of  the  axes  of  elasticity.  When  these  are  found,  the  axial  sec- 
tions can  be  prepared  and  the  axial  angle  determined,  and  the  other  points 
settled  as  with  other  biaxial  crystals. 

BFFBCT  of  HBAT  upon   THB  QPTIOAL  GSABAOTBBS  OF  0B7BTAL8. 

In  addition  to  the  ordinaiy  investigation  of  crystal-sections  in  the  polari- 
scope,  it  is  often  important  to  determine  the  influence  of  heat  upon  the 
optical  character  of  crystals.  The  axial  angle  may  be  measured  at  any 
required  temperature  by  the  use  of  a  metal  air-bath.  This  is  placed  at  U^ 
(f.  401),  and  extends  beyond  the  instrument  on  either  side,  so  as  to  allow 
of  its  being  heated  with  gas  burnere ;  a  thermometer  inserted  in  the  bath 
makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  bath 
has  two  openings,  closed  with  glass  plates,  corresponding  to  the  two  tubes 
caiTying  the  lenses,  and  the  crystal-section,  held  as  usual  in  the  pincers,  is 
seen  through  these  glass  windows. 

The  conclusions  of  DesCloizeaux  (see  Literature)  as  to  the  influence  of 
heat  upon  the  optical  charactci-s  of  crystals  are  as  follows : 

(1)  Uniaxial  crystals  appear  to  be  uninfluenced  by  a  heating  of  from  10*^ 
to  190°  O.  (2)  Biaxial  crystals  of  the  ortharhomMc  system  suffer  a  greater 
or  less  change  in  axial  angle.  (3)  Biaxial  crystals  of  the  monodinio  system 
suffer  a  change  in  axial  angle,  and  in  addition  also  iu  the  plane  of  the  axes 
when  it  is  not  the  plane  of  symmetry.  Triclinic  crystals  also  show  a  little 
change  in  the  position  of  the  axes. 

A  striking  example  of  the  change  in  axial  divergence  is  furnished  by 
gypsum.  At  ordinary  temperatures  the  axes  lie  in  the  plane  of  symmetry 
(i-t) ;  at  80°  C.  they  unite  in  a  line  making  an  angle  of  37°  28'  with  a  normal 
to  O ;  and  with  an  increased  temperature  they  again  separate  in  a  plane 
perpendicular  to  i-u  DesCloizeaux  found  that  the  feldspare,  when  heated 
up  to  a  ceitain  point,  suffer  a  change  in  the  position  of  the  axes,  and  if  the 
heat  becomes  greater  and  is  long  continued,  they  do  not  return  again  to  their 
original  position,  but  remain  altered.     Weiss*  has  made  use  of  this  principle 

^  Znr  KonntniBS  der  Feldspathluldang ;  Haarlem  Soc.  Yerhandl.,  xxv.,  1866. 
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to  determine  at  what  temperature  certain  fcldepathic  rocks  wore  formed 
Tiiis  constant  change  of  axial  angle  upon  heating  is  true  also  of  brookite, 
zoisite,  and  other  minerals.  The  investigations  of  Pf aflF  show  that  the  opti- 
cal properties  of  some  uniaxial  crystals  also  are  aflFected  by  heating,  though 
to  uo  great  extent.    Pogg.,  cxxiii.,  179,  cxxiv.,  448,  etc. 


Anobcaliss  Exhibited  bt  bomb  Crystals  in  tiibib  Optical  Piisnombha.* 

There  are  a  considerable  number  of  crystals  of  the  three  classes,  whidi, 
fr<mi  a  variety  of  causes,  exhibit  irregularities  in  their  optical  chai*acters ; 
some  of  tbo  more  important  cases  are  mentioned  here. 

Isovietrio  orystah, — Boracite,  and  also  senarmontite,  sometimes  exhibit 
interference  figures  resembling  closely  those  of  biaxial  crystals.  In  the 
case  of  boracite  this  is  explained  by  DesCloizeaux  as  due  to  the  presence 
of  enclosed  crystals  of  parasite  formed  by  alteration.  Perofskite  is  also 
stroncrly  doubly  refracting,  and  in  polarized  light  appears  to  be  biaxial, 
although,  as  shown  by  Kokscharow,  it  is  isometric  in  crystallographic  rela- 
tions. The  irregularities  are  supix>sed  by  him  to  be  caused  by  the  want  of 
homogeneity  in  the  internal  structure  of  the  crystals. 

The  properties  of  double  refraction  possessed  by  some  substances,  crystal- 
lized and  non-crystallized,  which  are  normally  isotrope,  are  explained  by 
J3iot  to  be  due  to  lamellar  polarization.  This  is  analogous  to  the  produc- 
tion of  polarized  light  by  means  of  a  series  of  thin  plates  (see  p.  132). 
Alum  crystals  have  often  the  lamellar  structure,  which  causes  these  pheno- 
mena. 

Analcite  and  leucite  have  been  included  in  the  list  of  isometric  crystals, 
which  exhibit  anomalous  optical  characters ;  but  the  most  accurate  crystal- 
lographic determination  has  referred  both  species  to  the  tetragonal  system. 
Tension  or  compression  at  the  time  of  crystallization  may  cause  isotropic 
crystals  to  polarize  light ;  Schrauf  has  described  a  uniaxial  diamond,  and 
it  was  long  since  shown  by  Brewster  that  some  diamonds  give  evidence  in 
polarized  light  of  compression  about  interior  cavities. 

daiaxiiu  crystals. — A  want  of  homogeneity  in  the  crystals,  as  shown  by 
DesCloizeaux,  may  cause  uniaxial  crystals  to  exhibit  in  polarized  light  a 
variety  of  abnormal  phenomena.  In  some  cases  the  axial  figures  resemble 
those  of  biaxial  crystals,  the  ci'oss  in  the  middle  of  the  field  (f.  390)  not 
being  closed,  but  separated  into  two  hyperbolas,  lying  near  each  other. 
Beryl,  zircon,  vesuvianite,  and  apatite  are  examples.  That  such  crystals 
are  nevertheless  uniaxial  is  proved  by  the  fact  that  the  opening  of  the  cross 
is  independent  of  the  position  of  the  N  icols,  and  is  not  altered  if  the  section 
is  turned  in  a  horizontal  plane.  If  this  is  not  true,  or  if,  when  the  section 
is  heated  (p.  157)  the  distance  between  the  hyberbolas  is  altered,  it  is  a 
proof  that  the  irregularity  is  not  due  to  lamellar  polarization,  but  ihat  the 
two  indices  of  refraction  are  not  exactly  equal,  and  consequently  that  the 
crystal  is  not  strictly  uniaxial.  In  such  cases  a  revision  of  the  crystallo- 
graphical  elements  is  desirable. 

The  axial  figure  shown  by  a  section  of  apophyllite  is  peculiar,  exhibiting 

*  For  a  discussion  of  this  subject  in  the  light  of  recent  (1882)  investigations,  see  pp. 
185  et  seq. 


AtrOMALIBS  EXmBTTBD  BT  BOMB  0BY8TALS  IN  OFTIOAL  PHENOMENA.         159 

a  series  of  rings  alternately  dark  violet,  and  yellow.  The  explanation  is 
found  in  the  fact  previously  stated,  that  it  is  positive  for  red  rays,  negative 
for  blue,  and  does  not  doubly  refract  yellow  light. 

Among  biaxial  crystals  irregularities  in  the  optical  phenomena  are  often 
observed.  Tliey  are  due  in  part  to  want  of  homogeneity,  in  part  to  twin 
structui*e,  and  also  to  other  causes.  In  brookite  the  planes  of  the  axes  for 
red  and  blue  rays  are  at  right  angles  to  each  other,  and  hence  the  axial 
figures  vary  much  from  those  normally  observed ;  in  titanite  the  axial  angle 
for  the  two  colors  is  widely  different,  and  this  also  gives  rise  to  an  axial 
figure  of  abnormal  appearance. 

Irregular  structure,  due  to  twinning,  is  a  frequent  cause  of  peculiar  opti- 
cal phenomena ;  crystals,  in  extenial  form  apparently  simple,  often  show 
themselves  to  be  made  up  of  irregular  banded  layers  in  twinned  position, 
when  examined  in  polarized  light ;  this  is  true  of  many  minerals. 

In  some  crystals,  as  occasionally  in  the  epidote  from  the  Untersulzbach- 
thal  in  the  Tyrol,  the  biaxial  figures  may  be  observed  immediately,  without 
the  use  of  the  polariscope.  This  is  due  to  the  complex  twinned  structure 
of  the  crystal,  a  thin  lamella  in  reverse  position  being  enclosed  in  the 
interior,  so  that  the  parts  of  tlie  crystal  on  either  side  act  as  polarizer  and 
analyzer. 


Prattioal  Suggestions  in  rega/rd  to  the  Preparation  and  we  of  Orystai  SecHom  made  for 

Optical  Examination, 

The  most  important  task  is  the  preparation  of  a  plate  for  examination  in  the  Staurosoope, 
or  for  the  observation  of  the  axial  interferenoe-figures.  In  this  we  are  often  assisted  by  the 
cleavage,  which  sometimes  makes  it  possible  to  obtain  the  reqniretl  section  without  the  labor 
of  cutting  it.  This  is  conspicuously  the  case  with  mica ;  also  with  topaz  and  anhydrite,  and 
other  minerals.  Sometimes  the  natural  surfaces  need  to  be  made  smooth  and  polished. 
Fiirthermore  natural  crystals  sometimes  occur  in  a  tabular  form,  thin  and  transparent  enough 
to  answer  the  purpose ;  this  is  true  of  the  crystals  of  wulf enite  from  Utah.  In  most  cases, 
however,  the  section  must  be  actually  cut.  The  means  required  in  such  cases  vary  with  the 
hardness  of  the  mineral  under  examination.  For  the  hardest  minerals  diamond  powder  la 
made  nse-of  in  grinding;  it  is  employed  after  the  manner  of  the  lapidary.  (It  may  be  men- 
tioned here  that  the  investigator  will  generally  find  it  for  his  interests,  both  as  regards  time, 
money,  aBd  accuracy  of  results,  to  employ  a  lapidary  to  do  this  work  for  him.)  The  diamond 
powder  is  applied  to  a  thin  wheel  of  soft  iron  or  copper,  rotating  on  a  lathe. 

P*or  minerals  which  are  not  so  extremely  hard,  g^ood  emezy  may  be  used  instead  of  diamond 
powder.  It  is  merely  necessary  to  apply  the  emery  and  water  to  the  edge  of  the  wheel  as  it 
revolves,  the  mineral  being  held  firmly  against.  A  neater  and  more  Rdvantogeous  method, 
where  the  amount  of  material  is  small,  is  the  use  of  a  fine  saw,  or  better  wire,  mounted  in  a 
frame,  and  used  with  either  diamond  powder  or  emery  moistened  with  water  or  oil.  The 
crystal  may  be  mounted  in  wax  or  otherwise,  if  very  smidl ;  sometimes  a  holder  made  of  cork 
is  convenient. 

The  direction  in  which  the  slice  is  to  be  cut  is  of  the  highest  importance,  and  can  often  be 
indicated  ut  first  by  a  scratch  across  a  plane  of  a  crystal  In  many  cases  it  is  more  simple  to 
grind  on  a  surface  in  the  proper  direction,  and  this  can  be  easily  aocomplished  by  holding  the 
cryst.'vl  against  a  fine-grained  emeiy  wheel  rotating  on  a  lathe.  It  can  be  held  either  in  the 
fingers,  or  oemented  to  a  smaU  piece  of  glass,  for  instance  with  Canada  balsam. 

Another  way,  more  simple  as  demanding  no  instruments,  is  to  make  use  of  a  flat  piece  of 
plate  glass,  not  too  smaU,  on  which  the  crystal  is  ground  with  moistened  emery,  being  care- 
fully moved  about  with  the  hand.  In  some  cases  a  file,  or  even  a  knife,  may  be  used,  where 
the  mineral  in  hand  is  soft. 

Whatever  method  of  grinding  is  adopted,  it  is  necessary  to  exercise  great  care  to  bring  the 
Artificial  surface  into  exactly  the  prox)er  direction.  This  can  be  determined  only  as  its  inclina 
tions  to  existing  crystalline  planes,  or  cleavage  sorfaoes,  are  measured,  and  practicoiiy  it  ii 
nooowaiy  often  to  stop  the  y  ork  and  test  what  has  been  done.    The  parallel  interseotiona 
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will  often  show  the  degree  of  oorreciaiess  in  the  work.  For  purpoRes  of  measurement  it  u 
neuessary  to  polish  the  artificial  plane,  or  instead,  a  small  piece  of  thin  glass  may  be  oement«M] 
on  where  the  crystal  is  too  small  for  the  use  of  the  hand-goniometer.  It  is  of  coarse  necessary 
to  know,  before  starting,  the  angle  which  the  new  plane  will  make  with  the  natural  planes 
which  are  already  present.  When  one  plane  in  the  required  direction  has  been  obtained,  it 
is  a  comparatively  simple  process  to  obtain  a  second  parallel  to  it,  though  care  must  be  exer- 
cised to  attain  accuracy. 

The  required  section  having  been  cut,  it  remains  only  to  polish  the  surfaces.  The  means 
required  diifer  so  widely,  according  to  the  hardness  of  the  mineral,  that  no  fixed  rule  can  be 
giyen.  The  most  commonly  used  polishing  powder  is  the  English  red,  or  colcothar,  which 
may  be  used  on  the  plate  of  gla.«8,  or  leather  surface,  or  on  a  revolving  wheel  covered  with  a 
soft  cloth.  In  other  cases  oxide  of  tin  or  flue  chalk  is  used  ;  and  again  the  simple  plate  of 
gfround  pi  ass  will  answer  the  purpose  without  the  use  of  any  other  means.  As  a  rule,  tho 
hardest  minerals  take  the  polish  most  readily.  Sometimes  the  only  method  practicable  is  to 
use  small  fragments  of  thin  glass,  adhering  with  balsam,  by  which  transparency  is  obtained 
without  polish,  though  errors  are  easily  introduced  by  this  means  when  sufficient  care  is  not 
exercised. 

The  preparation  of  prisms  for  the  measurement  of  the  indices  of  refraction  is  practically 
much  more  difficult  than  that  of  a  simple  section,  but  in  general  the  methods  are  the  same. 

It  is  often  advi-^able  to  examine  a  mineral  microscopicaUy  when  a  slice  in  a  particular  direc- 
tion is  not  needed.  In  such  cases  use  can  be  made  of  the  methods  employed  in  making  rock 
slices.  A  revolving  wheel  of  soft  iron,  vertical  or  horizontal,  is  employed,  on  the  lateral  sur- 
face of  which  the  substance  is  ground  with  the  use  of  emery  moistened  with  water.  A  thin 
slice,  or  thin  fraj^fment  broken  off.  is  taken  to  commence  with.  First  one  surface  is  ground 
smooth  and  polished.  The  piece  is  then  cemented  to  a  little  plate  of  thick  glass  with  babiam, 
and  the  other  side  ground  down  parallel  to  the  first  the  grinding  being  continued  until  the 
required  degree  of  transparency  is  obtained.  Obviously  when  the  section  becomes  thin  and 
fragile,  the  coarse  emeiy  must  be  replaced  with  fine,  and  a  considerable  degree  of  care  exer- 
cised. The  section  obtained  is  generally  removed  to  another  slip  of  glass  and  mounted  with 
balsam  under  a  thin  glass  cover* 

The  microscopic  investigation  of  minerals,  by  means  of  thin  slices,  is  of  the  highest  import* 
once,  aside  from  optical  investigations.  Every  chemical  analysis  should  be  preceded  by  suc]p 
an  examination  to  test  the  purity  of  the  material  in  hand.  Where  a  transparent  section  can- 
not be  obtained,  a  single  polished  surface,  examined  by  reflected  light,  will  often  EifKco  to 
decide  the  same  point. 

The  valuable  investigations  of  Vogelsang,  Fischer,  Rosenbusch,  and  others,  referred  to  on 
pp.  108  to  1 11,  show  how  many  minerals,  which  at  first  glance  seem  perfectly  pure,  are  found 
to  enclose  impurities  considerable  in  variety  and  amount. 
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DIAPHANEITY;    COLOR;    LUSTER 

There  are  certain  characteriBtics  belonging  to  all  minerals  alike,  crystal- 
lized and  non-crystallized,  in  their  relation  to  light.     These  are  : 

1.  Diaphaneity  ;  depending  on  the  power  of  transmitting  light. 

2.  Color  ;  depending  on  the  kind  of  light  reflected  or  transmitted. 

3.  LusTBu;  depending  on  the  power  and  manner  of  reflecting  light 


1.  DlAPHANBirr. 

The  amonnt  of  light  transmitted  by  a  solid  varies  in  intensity,  or,  in  othet 
words,  of  the  light  received  more  or  less  may  be  absorbed,  Tlie  amonnt 
of  absorption  is  a  minimum  in  a  perfectly  transparent  solid,  as  ice,  while  it 
is  greatest  in  one  which  is  opaque,  as  iron.  The  following  terms  are  adopted 
to  express  the  different  degrees  in  the  power  of  transmitting  light : 

Transparent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Subtranaparent^  or  semi-transparent:  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Translucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Subtranslucent :  when  merely  the  edges  transmit  light  or  are  trans- 
lucent. 

When  no  light  is  transmitted,  the  mineral  is  said  to  be  opaque.    This  is 

f)roperly  only  a  relative  term,  since  no  substance  fails  to  transmit  some 
i^ht,  ir  made  sufficiently  thin.  Magnetite  is  translucent  in  the  Pennsbury 
mica.  The  recent  researches  of  Praf.  A.  W.  Wright  have  shown  that  by 
means  of  the  electrical  current  the  metals  may  be  volatilized  and  deposited 
again  o\\  the  sides  of  the  surrounding  glass  tube.  The  layera  thus  formed 
ai-e  perfectly  continuous,  but  so  thin  as  to  be  transparent.  By  transmitted 
light  the  layer  of  gold  thus  obtained  appears  green,  and  that  of  silver  a 
beautiful  blue. 

The  property  of  diaphaneity  occura  in  the  mineral  kingdom,  in  every 

degree  from  nearly  perfect  opacity  to  a  perfect  transparency,  and  many 

minerals  present,  in  tneir  numerous  varieties,  nearly  all  the  different  shades. 

The  absorption  of  light  in  its  relation  to  the  axes  of  elasticity  is  spoken 

of  on  p.  165, 

2.  CoLOB. 

Cause  of  color. — ^The  color  of  a  substance  depends  upon  its  power  of 
absorbing  certain  portions  of  the  light,  that  is,  certain  rays  of  the  spec  trum ; 
a  yellow  mineral,  ror  instance,  absorbs  all  the  rays  of  the  spectrum  with  the 
exception  of  the  yellow.  In  general  the  color  which  the  eye  perceives  is 
the  result  of  the  mixture  of  fliose  rays  which  are  not  absorbed.  All  min- 
erals may  be  divided  into  two  classes :  (1^  those  whose  color  is  essential  and 
belongs  to  the  finest  particles  mechanicallv  made ;  (2)  those  whose  color  is 
Don-esaential  and  in  the  fine  powder  is  dif^rent  from  what  it  is  in  the  masB 
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Streak. — It  is  obvious  fi'om  these  distinctions  that  thi  color  of  the 
powder,  or  the  streaky  as  it  is  called,  is  often  a  very  imp*)rtaiit  quality 
m  distinguishing  minerals.  The  streak  is  obtained  by  scratching  the  sur- 
face of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  hard,  by 
nibbing  it  on  an  unpolished  porcelain  surface. 

To  tlie  first  class,  mentioned  above,  belong  the  metols,  and  many 
metallic  minerals ;  for  instance,  the  streak  of  the  black  manganese  oxides  is 
black ;  that  of  hematite,  which  is  red  by  transmitted  light,  is  red,  and  bo 
on.  •  To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part 
of  all  minerals.  With  them  the  color  is  often  quite  unessential,  being  gen- 
erally due  to  small  admixtures  of  some  metallic  oxide,  to  some  carbon  com- 
Eound,  or  some  foreign  substance  in  a  finely  divided  state.  Most  of  these 
ave  a  white  or  light-colored  streak.  For  example,  the  sti'eak  of  hlcLck^ 
greerty  redj  and  blite  tourmaline  varies  little  from  white. 


Varibtibs  of  Golob. 

The  following  eight  colors  have  been  selected  as  fundamental,  to  facilitate 
the  employment  of  this  character  in  the  description  of  minerals :  wkUej 
frayy  bcaoky  hluSy  green^  yellow^  redy  and  brovm. 


a.  Metallic  Colors. 

1.  Copper-red:  native  copper. — 2.  Brome-yeUow  :  pyrrhotite. — 3.  Bra^s- 
yellow:  chalcopyrite. — 4.  (Told-yeUow. — b.  Silver-white :  native  silver, less 
distinct  in  arsenopyrite. — 6.  Tin-white:  mercury,  cobaltite. — 1.  Lead-gray : 
galenite,  molybdenite. — 8.  Steel-gray:  nearly  the  color  of  fine-grained 
steel  on  a  recent  fracture ;  native  platinum,  and  palladium. 


b.  Non-metaUio  Colors. 

A.  White.  1.  Snow-white:  Carrara  marble. — 2. ^ lieddish-white :  some 
varieties  of  calcite  and  quartz. — 3.  Yellowish-white  :  some  varieties  of  cal- 
cite  and  quartz. — 4.  Grayish-white :  some  varieties  of  calcite  and  quartz. 
— 5.  Oreenishrwhite :  talc. — 6.  MiZk-white:  white,  slightly  bluish;  some 
chalcedony. 

B.  Gray.  1.  Bluish-gray:  gray,  inclining  to  a  dirty  blue  color. — 2. 
Pearl-gray:  gray,  mixed  with  red  and  blue  ;  cerargyrite. — 3.  Smoke-gray  : 
gray,  with  some  brown  ;  fiint. — 4.  Greenish-gray :  gray,  with  some  green ; 
cat's  eye,  some  varieties  of  talc. — 5.  Yellowish-gray :  some  varieties  of 
compact  limestone. — 6.  Ash-gray :  the  purest  gray  color ;  zoisite. 

C.  Black.  1.  Grayish-black:  black,  mixed  with  gray  (without  any 
green,  brown,  or  blue  tints) ;  basalt,  Lydian  stone. — 2.  Velvet-black:  puie 
black ;  obsidian,  black  tourmaline. — 3.  Gre^.nisMlack :  augite. — 4  Brown- 
ish-black  :  brown  coal,  lignite. — 5.  Bluish-black:  black  cobalt. 

D.  Blub.  1.  BlackisMlue :  dark  varieties  of  azurite. — 2.  Azure-bhie  : 
ft  clear  shade  of  bright  blue ;  pale  varieties  of  azurite,  bright  varieties  oi 
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la«uHte.— ^.  Violet-iltce :  blue,  mixed  with  red ;  amethyst,  fluoritts. — 4 
Lavender-blue:  bine  with  some  red  and  much  gray. — 5.  Prussiaii-hlue^ 
or  Berlin  bine:  pnrebhie;  sapphire, cyanite. — 6.  i^malt-blue :  some  varie- 
ties of  gypsum. — 7.  Indigo-Hvs  :  bine  with  black  and  green  ;  blue  tonrma- 
line- — 8.  Sky-fdne :  pale  blue  with  a  little  green;  it  is  called  mountain 
blue  by  paintei*s. 

E.  (jbekn.  1.  Verdufris-green :  gi'een  inclining  to  blue;  some  feldspar 
(amazon-stono). — Celandine-green:  green  with  blue  and  gray  ;  sc^me  vari^ 
ties  of  talc  and  beryl.  It  is  the  color  of  the  leaves  of  the  celandine  (Cheli- 
donium  majns). — 3.  Mountainrgreen  :  green  with  much  blue ;  beryl. — 4. 
Leek-green :  green  with  some  brown ;  the  color  of  leaves  of  garlic  ;  dis- 
tinctly seen  in  prase,  a  variety  of  quartz. — 5.  Emerald-green:  pure  deep 
green  ;  emeraUl. — 6.  Apple-green  :  light  green  with  some  yellow  ;  chryso- 
pi-ase. — 7.  Graea-green:  bright  green  with  more  yellow  ;  green  diallage. — 
8.  Pista^io-green  :  yellowish  green  with  some  brown ;  epidote. — 9.  Aspa- 
ra^ua-areen  :  pale  green  with  much  yellow ;  asparagus  stone  (apatite). — • 
10.  BCackish-green :  serpentine. — 11.  Olive-green:  oark  green  with  muiih 
brown  and  yellow  ;  chrysolite. — 12.  Oil-green :  the  color  of  olive  oil ; 
beryl,  pitchstone. — 13.  Siskin-green  :  light  green,  much  inclining  to  yellow; 
uranite. 

F.  Ykllow.  1.  Sulphur-yellow:  sulphur. — 2.  Straw-yellow:  pale  yel- 
low ;  topaz. — 3.  Wax-yellow :  grayish  yellow  wirh  some  brown ;  blende, 
opal. — 4.  Honey-yellow  :  yellow  with  some  red  and  brown ;  calcite. — 5. 
Letnon'-yeUow :  sulphur,  orpiment. — 6.  Oohreyellow  :  yellow  with  brown ;. 
yellow  ochre. — 7.  }fVine-yelloio :  topaz  and  nuorite. — 8.  CreamyeUow : 
some  varieties  of  lithomarge. — 9.   Orange-yellow :  orpiment. 

(i.  Rkd.  1.  Aurora-red:  red  with  much  yellow;  some  realgar. — 2. 
Hyacinth-red:  red  with  yellow  and  some  brown  ;  hyacinth  garnet. — 3.. 
Brick-red:  polyhalite,  some  jasner. — 4.  Scarlet-red:  bright  red  with  a. 
tinge  of  yellow;  cinnabar. — 5.  Blood-red:  dark  red  with  some  yellow;, 
pyi-upe. — 6.  Flesh-red:  feldspar. — 7.  Cai^mine-red :  pure  red;  ruby  sap- 
phire.— 8.  Rose-red  :  rose  quartz. — ^9.  Crimson-red :  ruby. — 10.  Peach- 
Mossom-red:  red  with  white  and  gray;  lepidolite. — 11.  Colu7nbine-red : 
deep  red  with  some  blue;  garnet. — 12.  Cherry-red :  dark  red  with  some 
blue  and  brown :  spinel,  some  jasper. — 13.  Brownish-red:  jasper,  linionite. 

11.  Bbown.  1.  lieddish-hrown :  garnet,  zircon. — 2.  Cloveirown:  brown 
with  red  and  some  blue;  axinite. — ^3.  Hair-hrown :  wood  opal. — 4.  Broo- 
coli-brown:  brown,  with  blue,  red,  and  gray  ;  zircon. — 5.  Cnestnut-hrown  : 
pure  brown. — 6.  Yellowish-hrown:  jasper. — 7.  Pinchbeck-brorim :  yellow- 
ish-brown, with  a  metallic  or  metallic-pearly  lustre;  several  varieties  of 
talc,  bi-ouzite. — 8.  Wood-brown:  color  of  old  wood  nearly  rotten  ;  some 
specimens  of  asbestus. — 9.  Liver-brown :  brown,  with  some  gray  and  green ; 
jasper. — 10.  Blackish-brown  ;  bituminous  coal,  brown  coal. 

0.  Peculiarities  in  the  Arrangement  of  Colors, 

Play  of  Colors, — An  appearance  of  several  prismatic  colors  in  rapid 
succession  on  turning  the  mineral.  This  property  belongs  in  perfection  to 
the  diamond  ;  it  is  also  observed  in  precious  opal,  and  is  most  brilliant  by 
candlo-light. 
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Change  of  Colors, — ^Each  particnlar  color  appears  to  pervade  a  lai^t 
space  than  m  the  play  of  colors,  and  the  snccession  produced  by  tnining  the 
mineral  is  less  rapid ;  Ex.  labradorite. 

Opalescence. — A  milky  or  pearly  reflection  from  the  interior  of  a  speci- 
men.    Observed  in  some  opal,  and  in  cat's  eye. 

Iridescence, — Presenting  prismatic  colors  in  the  interior  of  a  crystal. 
The  phenomena  of  the  play  of  colors,  iridescence,  etc.,  are  sometimes  to  be 
explained  by  the  presence  of  minute  foreign  crystals,  in  parallel  positions ; 
more  generally,  however,  they  are  caused  by  the  presence  of  fine  cleavage 
lamellae,  in  the  light  reflected  from  which  interference  takes  place,  analogous 
to  the  well-known  Newton's  rings. 

Tarnish. — A  metallic  surface  is  tarnished,  when  its  color  diflFers  from 
that  obtained  by  fracture ;  Ex.  bornite.  A  surface  possesses  the  steel  ta/t- 
nish,  when  it  presents  the  superficial  blue  color  of  tempered  steel ;  Ex. 
colnmbite.  The  tarnish  is  irised,  when  it  exhibits  fixed  prismatic  colors  ; 
Ex.  hematite  of  Elba.  These  tarnish  and  iris  colors  of  minerals  are  owing 
to  a  thin  surface  film,  proceeding  from  different  sources,  either  from  a 
change  in  the  surface  of  the  mineral,  or  foreign  incrustation ;  hydi'ated  iron 
oxide,  usually  formed  from  pyrite,  is  one  of  uie  most  common  sources  of  it, 
and  produces  the  colors  on  anthracite  and  hematite. 

Asterism. — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals  by  reflected  or  transmitted 
light.  This  is  seen  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also 
well  shown  in  mica  from  South  Burgess,  Canada.  In  the  former  case  it 
has  been  attributed  by  Volger  to  a  repeated  lamellar  twinning ;  in  the 
other  case,  by  Rose,  to  the  presence  of  minute  inclosed  crystals,  which  are 
a  uniaxial  mica,  according  to  DesCloizeaux.  Crystalline  planes,  which 
have  been  artificially  etched,  also  sometimes  exhibit  asterism.  In  general 
the  phenomenon  is  explained  by  Schrauf  as  caused  by  the  interference  of 
the  light,  due  to  fine  striations  or  some  other  cause. 

(Upon  the  above  subjects,  see  Literature,  p.  167.) 

PHOBPHORE8CEI7CB. 

Phosphorescence,*  or  the  emission  of  light  by  minerals,  mav  be  produced 
in  different  ways :  hy  friction.^  by  heaty  or  by  exposure  to  ligfit. 

By  friction. — Light  is  readily  evolved  from  quartz  or  white  sugar  by 
the  friction  of  one  piece  against  another,  and  merely  the  rapid  motion  of  a 
feather  will  elicit  it  from  some  specimens  of  sphalerite.  Friction,  however, 
evolves  light  from  a  few  only  oi  the  mineral  species. 

liy  heat. — Fluorite  is  highly  phosphorescent  at  the  temperature  of  300®  F. 
Different  varieties  give  off  light  of  different  colors  ;  the  ctdorophane  variety, 
an  emerald-green  light ;  others  purple,  blue,  and  reddish  tints.  This  phos* 
phorescence  may  be  observed  in  a  dark  place,  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  Some  varieties  of  white  limestone  oi 
marble  emit  a  yellow  light. 

•  This  sabjeot  has  been  inyestigated  by  Becguerd,  Ann.  Oh.  Phys.,  lEL^v.,  5-119,  1869  j 
Fatter,  Mittb.  nat  Gee.  Bern,  1807,  62;  and  Ha^  Zeitooh.  Oea.  nat.  WIbb.  Berlin,  U., 
bLp  1,181,  1874. 


DIAPHAinCITr — COLOR — UJfflWL  166 

By  the  appUoation  of  heat,  minerals  lose  their  phosphorescent  properties.  But  on  passir.^ 
electricity  through  the  calcined  minemlf  a  more  or  less  vivid  iif^ht  is  produced  at  the  time  of 
the  discharge,  and  subsequently  the  specimen  when  heated  wOl  often  emit  light  as  before. 
The  lighii  is  usually  of  tiie  same  color  as  previous  to  calcinacion,  but  occasionally  is  quite 
different.  It  is  in  general  less  intense  than  that  of  the  unaltered  mineral^  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of  fluorlte  it  may 
be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has  also  been  found  that  some  varie- 
des  of  tiuorite  and  some  specimens  of  diamond,  caldte,  and  apatite,  which  are  not  naturally 
phosphorescent,  may  be  rendered  so  by  means  of  electricity.  Electricity  will  also  increase 
the  natural  intensity  of  the  phosphorescent  light 

Liffh^  of  the  sun. — The  only  anbetance  in  which  an  exposure  to  the  light 
of  the  sun  produces  very  apparent  phosphorescence  is  the  diamond,  and 
some  specimens  seem  to  be  destitute  of  this  power.  This  property  is  most 
striking  after  exposure  to  the  blue  rays  of  the  spectrum,  while  in  the  red 
rays  it  ib  rapidly  lost 


IfLBOCHBOISIC. 

Dichroismy  Trichroism. — ^Tn  addition  to  the  ^neral  {>henomenaof  color, 
which  belong  to  all  minerals  alike,  some  of  those  which  are  crystallized 
Bhow  different  coloi-s  under  certain  circumstances.  This  is  due  to  the  fact 
that  in  them  the  absorption  of  parts  of  the  spectrum  takes  place  unequally 
in  different  dii-ections,  and  hence  their  color  by  transmitted  light  depends 
apon  the  direction  in  which  they  are  viewed.  This  phenomenon  is  called 
iu  jreueral  pleochroiani. 

In  uniaxial  crystals  it  has  been  seen  that,  in  consequence  of  their  crystal- 
lographic  symmetry,  there  are  two  distinct  values  for  the  velocity  of  light 
transmitted  by  them,  according  as  the  vibrations  take  ^iBLce^ parallel  or  at 
right  angles  to  the  vertical  axis.  Similarly  the  crystal  may  exert  different 
degrees  of  absorption  upon  the  rays  vibrating  in  these  two  directions.  For 
example,  a  transparent  crystal  of  zircon  looked  through  in  the  direction  of 
the  vertical  axis  appears  of  a  pinkisli-brown  color,  while  in  a  lateral  direc- 
tion the  coh)r  is  asparagus-green.  This  is  because  the  rays  (extraordinary) 
vibrating  parallel  to  the  axis  ai-e  absorbed  with  the  exception  of  those 
which  together  give  the  green  color,  and  those  vibrating  laterally  (ordinary) 
are  absorbed  except  those  which  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
opaque,  since  the  ordinary  ray,  vibi-ating  normal  to  the  axis  c,  is  absorbed, 
while  light-colored  varieties,  looked  through  laterally,  are  transparent,  for 
the  exti-aordinary  ray,  vibrating  parallel  to  c,  is  not  absorbed  ;  the  color 
differe  in  different  varieties.  Thus,  all  uniaxial  crystals  may  be  dichroioj 
or  have  two  distinct  axial  colors. 

Similarly  all  biaxial  crystals  may  be  trickroio.  For  the  rays  vibrating  in 
the  directions  of  the  three  axes  of  elasticity  may  be  differently  absorbed. 
For  diaspore  the  three  axial  colors  are  azure-blue,  wine-yellow,  and  violet- 
-blue.  It  will  be  understood  tliat,  while  tliese  three  different  colors  are  pos- 
Bible,  tney  may  not  exist ;  or  only  two  may  be  prominent,  so  that  a  biaxial 
mineral  may  be  called  dichroic. 

In  order  to  investigate  the  absorption-properties  of  any  uniaxial  or  biaxial 
crystal,  it  is  evident  that  sections  must  be  obtained  which  ai*e  parallel  to  tho 
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several  axes  of  elasticity.    Suppose  that  f.  410  represents  a  rectangular  solid 

with  its  sides  parallel  to  the  three  axes  of  elasticity  of 
a  biaxial  crystal.  In  an  oithorhombic  crj  stal  the  faces 
are  those  of  the  three  diametral  planes  or  pinacoids ; 
in  a  monoclinic  crystal  one  side  coincides  with  the  cliuo- 
pinacoid,  the  others  are  to  be  determined  for  each 
species.  The  light  transmitted  by  this  solid  is  examined 
by  means  of  a  single  Nicol  prism.  Suppose,  first,  that 
the  li^ht  transmitted  by  the  parallelopiped  (f.  410)  in 
the  direction  of  the  vertical  axis  is  to  be  examined. 
When  the  shorter  diagonal  of  the  Nicol  coincides  with 
the  direction  of  the  axis  b,  the  color  observed  belongs 
to  that  ray  vibrating  parallel  to  this  dii*ection  ;  when  it  coincides  with  the 
axis  a,  the  color  for  the  ray  with  vibrations  parallel  to  a  is  observed.  In 
the  same  way  the  Nicol  separates  the  different  colored  rays  vibrating 
parallel  to  c  and  a  respectively,  when  the  light  passes  through  in  the  diree 
tion  of  b. 

So  also  finally  when  the  section  is  looked  througli  in  the  direction  of  the 

axis  a,  the  colors  for  the  rays  vibrating  parallel  to  b  and  c,  respectively,  are 

obtained.     It  is  evident  that  the  examination  in  two  of  the  directions  named 

will  give  the  three  possible  colors. 

For  epidote,  according  to  Klein,  the  colors  for  the  three  axial  directions 
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•»    VibratioDS  pazaUel  to  t,  brown  (absorbed). 

^'  **  •*  a,  yeUow. 

ji    Vibrationa  pazaUel  to  t,  green, 

^'  *'  "  b,  brown  (absorbed). 


o    Vibrations  parallel  to  t,  green. 
^'  **  "  a,  yeUow. 


The  colors  observed  by  the  eye  alone  are  the  resultants  of  the  double  set 
ol  vibrations,  in  which  the  stronger  color  predominates ;  thus,  in  the  above 
example,  the  plane,  normal  to  c  is  brown,  to  b,  yellowish-green,  to  a,  green. 
In  any  other  direction  in  the  crystal,  the  apparent  color  is  the  result  of  a 
mixture  of  those  corresponding  to  the  three  directions  of  vibrations  in  differ- 
ent proportions.  Dichroite  is  a  striking  example  of  the  phenomenon  of 
pleochroism. 

An  instrument  called  a  dichroscope  has  been  contrived  by  Haidingcr  for 
examining  this  property  of  crystals.  An  oblong  rhoinbohedron  of  Ice- 
land spar  has  a  glass  prism  of  18°  cemented  to  each  extremity.     It  is  placed 
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in  a  metallic  cylindrical  case,  as  in  the  figure,  having  a  convex  lens  at  one 
end,  and  a  square  hole  at  the  other.  On  looking  through  it,  the  souare  hole 
appears  double;  one  image  belongs  to  the  ordinary  and  the  other  to  the 
extraordinary  ray.  When  apleochroic  crystal  is  examined  with  it,  by  trani^ 
mitted  light,  on  revolving  it,  the  two  squares,  at  intervals  of  9U°  iji  the  vevo 
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Intion,  have  differe&t  colors,  corresponding  to  the  direction  of  the  vibrations 
of  the  ordinai7  and  extraordinary  my  in  calcite.  Since  the  two  images  aro 
situated  side  by  side,  a  very  slight  difFereuce  of  color  is  perceptible. 


LiTBBATXTBJB.— PLBOCHROUBC,  ASTEBIBM,  ETC. 

■ 

Haidinger.    Ueber  den  PleochioismuB  der  Krystalle  ;  Pogg.  Ixy.,  1,  1845. 

Ueber  das  SchiUexn  der  Ezystaimfichen ;  Pogg.  Ixx.,  674,  1847;  Ixxi.,  821; 

IxzTi.,  09,  1849. 

Heutfch.  Ueber  das  Sobillem  gewiaser  Kiystalle ;  Pogg.  ozvL,  892,  1862 ;  oxriiL,  206. 
1863:  cxx.,9o,  1863. 

«.  KobdL    Ueber  Afiterismus;  Ber.  Ak.    Milncheii,  1868,  65. 

Hautthofer.    Der  ABteriBmas  des  Galcites ;  Ber.  Ak.     MQnob^n,  1869. 

Vogdsang,    Sur  le  Labradorite  colord ;  Arcb.  Neerlaad.,  iii.,  82,  1868. 

Solirauf.    Labradorit;  Ber.  Ak.,  Wien,  Ix.,  1869. 

Kosmaiin.  Ueber  das  Scbillem  and  den  DicbroismuB  dee  Hjperstbena ;  Jahrb.  Min.,  1869, 
868.582;  1871,501. 

Bne.    Ueber  den  Asterismns  der  KiyBtaUen ;  Ber.  Ak.  Berlin,  1862,  614 ;  1869,  844. 


8.  LrSTRE. 

The  Instre  of  minei'als  varies  with  tJie  nature  of  their  surfaces.  A  varia^ 
tion  in  the  quantity  of  light  i-eflected,  produces  different  degrees  of  intensity 
of  lustre;  a  variation  in  the  nature  of  the  reflecting  surface  produced 
different  kinds  of  lustre. 

A.  The  kinds  of  lustre  recognized  are  as  follows : 

1.  Metallic  :  the  lustre  of  metals.  Imperfect  metallic  lustre  is  expressed 
by  the  tenn  sub-rrtetaUic. 

2.  Adamantine:  the  lustre  of  the  diamond.  When  also  sub-metallic,  it 
is  termed  metaUio-adamantine.    Ex.  cerussite,  pyrargyrite. 

3.  Vitreous:  the  lusti*e  of  broken  glass.  An  imperfectly  vitreous  lustre 
is  termed  sub-vitreous.  The  vitreous  and  sub-vitreous  lustres  are  the  most 
common  in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  emi- 
nent degree ;  calcite,  often  the  latter. 

4r.  Resinous:  lustre  of  the  yellow  resins.  Ex.  opal,  and  some  yellow 
varieties  of  sphalerite. 

6.  Pearly :  like  pearl.  Ex.  talc,  brncite,  stilbite,  etc.  Wlien  united  with 
sub-metallic,  as  in  hypersthenite,  the  term  metaUic-pea/rly  is  used. 

6.  Silky :  like  silk ;  it  is  the  i-esult  of  a  fibrous  structure.  Ex.  fibrous 
calcite,  fibrous  gypsum. 

£.  The  degrees  of  intensity  are  denominated  as  follows: 

1.  Splendent :  reflecting  with  brilliancy  and  giving  well-defined  images. 
Ex.  hematite,  cassiterite. 

2.  Shining:  producing  an  image  by  reflection,  but  not  one  well  defined. 
Ex.  celestite. 

3.  Glistening :  affording  a  general  reflection  from  the  surface,  but  no 
image.     Ex.  talc,  chalcopyrite. 

4.  Glimmering:  iiffording  imperfect  reflection,  and  apparently  from 
points  over  the  surface.     Ex.  flint,  chalcedony. 

A  mineral  is  said  to  be  dtM  when  there  is  a  total  absence  of  lustre.  Ex. 
dialk*  the  ochres,  kaolin 
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Tlio  tnie  differeiJce  between  metallic  and  vitreous  Instre  is  due  to  tba 
effect  which  the  different  surfaces  have  upon  the  reflected  light ;  in  general, 
the  lustre  is  produced  by  the  union  of  two  simultaneous  impressions  made 
upon  the  eye.  If  the  light  reflected  from  a  metallic  surface  be  examined 
by  a  Nicol  prism  (or  the  dichix)scope  of  Haidinger),  it  will  be  found  that 
both  rays,  that  vibrating  in  the  plane  of  incidence  and  that  whose  vibm- 
tions  are  normal  to  it,  are  alike,  each  having  the  color  of  the  material,  only 
differing  a  little  in  brilliancy  ;  on  the  contrary,  of  tlie  light  reflected  by  a 
vitreous  substance,  those  rays  whose  vibrations  are  at  right  angles  to  the 
plane  of  incidence  are  more  or  less  polarized,  and  are  colorless,  while  those 
whose  vibrations  are  in  tliis  plane,  having  penetrated  somewhat  into  tlie 
medium  and  suffered  some  absorption,  show  the  color  of  the  substance 
itself.  A  plate  of  red  glass  thus  examined  will  show  a  colorless  and  a  red 
image.     Adamantine  lustre  occupies  a  position  between  the  others. 

The  different  degrees  and  Idnds  of  lustre  are  often  exhibited  diffezentlj  hj  nnlike  faces  02 
the  same  crystal,  but  always  similarly  by  like  faces.  The  lateral  faces  of  a  right  square 
prism  may  thus  differ  from  a  terminal,  and  in  the  right  rectangular  prism  the  lateral  faces 
also  may  differ  from  one  another.  For  example,  the  basal  plane  of  apophylUte  has  a  pearly 
lustre  wanting  in  the  prismatic  planes.  The  surface  of  a  cleavage  plane  in  foliated  minerals, 
very  commonly  differs  in  lustre  from  the  sides,  and  in  some  cases  the  latter  are  vitreous, 
while  the  former  is  pearly.  As  shown  by  JIaidinger,  only  the  vitreous,  adamantine,  and 
metallic  lustres  belong  to  faces  perfectly  smooth  and  pure.  In  the  first,  the  index  of  refrac- 
tion of  the  mineral  is  1  '3 — ^1  '8 ;  in  the  second,  1*9 — 2'5 ;  in  the  third,  about  2*5.  The  pearly 
lustxe  Lb  a  result  of  reflection  from  numberless  lamells  or  lines  within  a  translucent  Tnineral, 
as  long  since  observed  by  Breithaupt. 

IV.  HEAT. 

The  expansion  of  crystallized  minerals  by  heat  depends,  as  directly  as 
their  optical  propei1;ies,  on  the  symmetry  or  their  molecular  strncture  as 
shown  in  their  crystalline  form.  The  same  three  classes  as  before  are  dis- 
tinguished : 

A.  Isoinetric  crystals,  where  the  expansion  is  in  all  directions  alike. 

B.  laodiaraetric  crystals,  of  the  tetragonal  and  hexagonal  systems.  Ex- 
pansion vertically  unlike  that  laterally,  but  in  all  lateral  directions  alike. 

O.  AnisometriCy  of  the  orthorhombic,  monoclinic,  and  triclinic  systems. 
Expansion  unlike  in  the  three  axial  directions.  The  expansion  by  heat  in 
the  case  of  crystals  may  serve  to  alter  the  angles  of  the  form,  but  it  has 
been  shown  that  the  zone  relations  and  the  crystalline  system  remain  con- 
stant. 

mtscherlich  found  that  in  caldte  there  was  a  diminution  of  8'  87'  in  the  angle  of  the 
rhombohedron,  on  passing  from  82°  to  212^  F.,  the  form  thus  approaching  that  of  a  cube,  as 
the  temperature  increased.  Dolomite,  in  the  same  range  of  temperature,  diminishes  4'  4<5'; 
and  in  aragonite,  between  63^  and  2i2^  F.,  the  angle  of  the  prism  diminishes  2'  46",  and 
\'i  :  1-i  increases  6'  80*;  in  gypsum,  /:  i-i  is  incret^ed  5'  24',  /:  1,  4'  12\  and  1-i :  »-iis 
diminished  T  24'.  In  some  rhombohedrons,  as  of  calcite,  the  vertical  axis  is  lengthened 
(and  the  lateral  shortened),  while  in  others,  like  quartz,  the  reverse  is  true.  The  variation 
is  such  either  way  that  the  double  refraction  is  diminished  with  the  increase  of  heat ;  f ok 
oolcite  possesses  negative  double  refraction,  and  quartz,  positive. 

The  conductive  power  of  a  crystal  depends,  as  does  expansion,  on  the 
Aymmetry  of  its  crystalline  form ;  this  is  also  true  of  its  power  of  trans- 
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mitting  or  absorbing  heat.  It  follows,  moreover,  from  the  analogous  natura 
of  heat  and  light,  that  heat  rays  are  polarized  by  reflection,  and  by  transmission 
in  anisotrope  media,  in  the  same  way  as  the  rays  of  light  These  subjects, 
considered  solely  in  their  relation  to  Mineralogy,  are  of  minor  importance ; 
they  belong  to  works  on  Physics,  and  reference  may  be  made  to  those 
whose  titles  ai*e  given  in  the  Introduction,  as  also  to  the  works  of  Schrauf 
and  Groth. 

The  change  in  the  optical  properties  of  crystals  produced  by  heat  has 
already  been  noticed  (p.  151). 


V.  ELEOTEIOITY— MAGNETISM. 

The  electric  and  magnetic  characters  of  crystals,  as  their  relations  to  heat, 
hear  but  slightly  upon  the  science  of  mineralogy,  although  of  high  interest 
to  the  student  <if  physics. 

jFHctional  electricity. — TJie  development  of  electricity  by  friction  is  a 
familiar  fact.  Ail  miuemls  become  electric  by  friction,  although  the 
degree  to  whicli  this  is  manifested  depends  upon  their  conducting  or  non- 
conducting power.  There  is  no  line  of  distinction  among  minerals,  divid- 
ing them  \\\U> positively  electric  and  negatively  electric ;  for  both  kinds  of 
electricity  may  be  presented  by  different  varieties  of  the  same  species,  and 
by  the  same  variety  in  diffei-ent  states.  The  gems  are  positively  electric 
only  when  polished ;  the  diamond  alone  among  them  exhibits  positive  elec- 
tricity whether  polished  or  not  The  time  of  retaining  electric  excitement 
is  widely  different  in  different  species,  and  topaz  is  remarkable  for  continu- 
iiig^excited  many  hours. 

I^ressnre  also  develops  electricity  in  many  minerals ;  calcite  and  topaz 
are  examples. 

PyvO'deGtridty, — A  decided  change  of  temperature,  tlirough  heat  or 
cold,  develops  electricity  in  a  large  number  of  miuemls,  which  are  hence 
called  j?yw-d^^ri6*.  This  property  is  most  decided,  and  was  firet  observed 
in  a  series  of  minerals  which  are  hemimoiphic  or  hemihedral  in  their 
development  The  electricity  in  these  minerals  is  of  opposite  character  in 
the  pai-ts  dissimilarly  modified.  Thus  in  tourmaline  and  calamine,  the 
crj'stals  of  which  are  often  differently  modified  at  the  two  extiemities,  posi- 
tive and  negative  electiicity  are  developed  at  these  extremities  or  poles 
respectively.  When  the  extremity  becomes  positive  on  heating  it  has  been 
CHlied  the  analogue  pole,  and  when  it  becomes  negative,  it  has  been  called 
the  antilogvs.  The  names  were  given  by  Kose  and  Hiess,  who  investigated 
these  phenomena.  For  a  change  of  temperature  in  the  opposite  direction, 
that  is,  cooling,  the  reverse  electrical  effect  is  observed. 

Boracite,  on  whose  crystals  the  -f-  and  —  tetrahedrons  often  occur,  shows 
by  heating  the  positive  electricity  for  the  faces  of  one  tetrahedron  and  the 
ue^tive  tor  those  of  the  other. 

Fuitber  investigations  by  Ilankel  and  others  (see  Literature)  have  ex- 
tended tlie  subject  and  shown  that  the  phenomena  of  pyro-electricity  belong 
to  the  crvstals  of  a  large  number  of  species.  Moreover,  it  is  not,  as  once 
supposed,  essentially  connected  with  hemihedral  development.  The  num- 
ber of  poles,  too,  may  be  more  than  two,  that  is,  tlie  points  at  which  pou 
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tive  and  negative  electricity  is  developed.  Thus  for  prehnite  thcit»  la  a 
lai'ge  seiies  of  such  poles,  distributed  over  the  surface  of  a  crj-stal.  The 
hivesti<J:ations  of  IlauKel  have  shown  in  £:encral,  that  in  crvstals  not  hemi- 
hedrally  developed,  the  same  electricity  is  developed  at  b<^th  extreniitie*8  «»f 
the  same  axis,  and  the  distinction  between  positive  and  negative  electricity 
is  only  shown  by  reference  to  the  different  crystallographic  axes;  on  sym- 
metrically formed  crystals  of  the  isodiametric  class  the  electricity  is  the 
same  in  all  lateral  directions,  that  is,  on  all  prismatic  planes,  while  diffei^nt 
at  the  extremities  of  the  vertical  axis. 

ThermO'dectricity, — ^When  two  different  metals  are  brought  into  c<»n- 
tact,  a  stream  of  electricity  i)a8ses  from  one  to  the  other.  If  one  is  heated 
the  effect  is  more  decided  and  is  sufficient  to  deflect  moi^e  or  less  vio^oronslv 
the  needle  of  a  galvanometer.  According  to  the  direction  of  the  current 
produced  by  the  different  metallic  substances,  they  are  arranged  in  a 
thermo-electrical  series;  the  extremes  are  occupied  by  antimony  (-f)  and 
bismuth  (— ),  the  electrical  sti'eam  passing  from  bismuth  to  antimony. 

This  subject  is  so  far  impoitant  for  mineralogy,  as  it  was  shown  by 
Bnnsen  that  the  natural  metallic  sulphides  stand  further  off'  in  the  series 
than  antimonj'  and  bismuth,  and  consequently  by  them  a  stronger  stream 
is  produced.  The  thermo-electrical  relations  of  a  large  number  of  minei-als 
was  determined  by  Flight  (Ann.  Ch.  Pharm.,  cxxxvi.). 

It  was  early  observed  that  some  minerals  have  varieties  which  are  both 
H-  and  — .  This  fact  was  made  use  of  by  Rose  to  show  a  relation  between 
the  plus  and  minus  heraihedral  varieties  of  pyrite  and  cobaltite.  The  later 
inveeitigations  of  Schi*auf  and  Dana  have  snown,  however,  that  the  same 
peculiarity  belongs  also  to  glaucodot,  tetradymite,  skutterudite,  danaite,  and 
other  minerals,  and  it  is  demonstrated  by  them  that  it  cannot  be  dependent 
upon  crystalline  form,  but,  on  the  contrary,  upon  chemical  compusiticm. 

Magnetism. — The  magnetic  properties  of  crystals  are  theoreticailly  of 
interest,  since  they,  too,  like  the  optical  and  thermic,  are  directly  dependent 
upon  the  form  ;  hence,  with  relation  to  magnetism  they  group  themselvej* 
into  the  same  three  classes  before  referred  to. 

All  substances  are  divided  into  two  classes,  the  paramagnetiG  and  dia- 
magnetic^  according  as  they  are  attracted  or  repelled  by  the  poles  of  a  mag 
net.  For  purposes  of  experiment  the  substance  in  question,  in  the  foi-m  of 
a  rod,  is  suspended  between  the  poles  of  the  magnet,  being  movable  on  a 
horizontal  axis.  If  of  the  first  class,  it  will  take  a  ])03ition  ^araUel^  and  if 
of  the  second  class,  transverse^  to  the  magnetic  axis. 

By  the  use  of  a  sphere  it  is  possible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experi- 
ment has  shown  that  in  isometrio  crystals  the  magnetism  is  alike  in  all 
dii'ections  ;  in  those  optically  uniaxial,  that  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  mininmm  magnetism ;  in  biaxial  crystals,  that 
there  are  three  unequal  axes  of  magnetism,  the  position  of  which  may  be 
determined. 

A  few  minerals  have  the  power  of  exerting  a  sensible  influence  upon  the 
magnetic  needle,  and  are  hence  said  to  be  magnetic.  This  is  true  of  mag- 
netite and  pyrrhotite  (magnetic  pyrites)  in  particular,  also  of  franklinito, 
almandite,  and  other  minerals,  containing  considerable  iron  pi*otoxide  (FeO). 
When  such  minerals  in  one  part  attract  and  in  another  repel  the  poles  of 
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the  magnet,  (hey  are  said  to  poBsess  jM>2artfy.    This  is  trae  of  the  variety  of 
magnetite  called  in  popular  language  loadstoTie. 

LriBBATURB.— ElBGTBICITT.* 

Hankd,  Ueber  die  Thermo-EIediricitat  der  Eiystalle ;  Pogg.,  zlix.,  498 ;  L,  237,  1840 ; 
Ixi.   281. 

Boi6  tt.  ItieB.    Ueber  die  Fyzo-Electiicitat  der  Mineralien  ;  Ber.  Ak.   Berlin,  1843. 

— ^  Ueber  den  ZnBammenhang  swischen  der  Form  nnd  der  elektriBchen  Polaritat  de« 
KxystaUe :  Ber.  Ak.   Berlin,  1836. 

V,  Kcbm.    Ueber  Mineral-Electricitat ;  Pogg.,  cxviiL,  694,  1863. 

Bunsen.    Thermo-Ketten  von  grosser  Wirksamkeit ;  Pogg.,  ozxiii.,  605,  1864. 

FHedeL  Sor  les  proprieti^  pyro-^lectiiqae  dee  Gristanx  bcma  oondaotears  de  Teleotricit^ ; 
ijin.  Ch.  Phya.,  IV.,  xvii.,  79,  1869. 

Bo$e,  Ueber  den  Zuaammenhang  zwisohen  hemiedrisoher  Krjrstallf orm  and  thermo-elek- 
tzischem  Verbal  ten  beim  Eisenkies  und  Kobaltglanz ;  Pogg.,  czUi.,  1,  1871. 

8chraufu.  E.  S.  Dana,  Ueber  die  tbermo-elektrischen  Eigenaohaften  yon  Mineralvarie- 
taten;  Ber.  Ak.   Wien,  box.,  1874  (Am.  J.  Sci.,  IIL,  viii.,  256). 

HftnkeL  Ueber  die  thermo-elektrischen  Eigenschaften  des  Boraoites ;  Siicbfl.  Ges.  Wiss., 
Ti,  151,  1865;  ibid.,  ^iii.,  823,  1866;  Topas,  ix.,  1870,  859;  10  Abhandlnng,  1872,  24;  cal* 
cite,  beryl,  etc.,  1876. 

On  MAGNETISM  reference  may  be  made  to  Faraday  (Experimental  Researches) ;  TyndaU, 
PhiL  Mag. ;  Knoblauch  and  Tyndall,  Pogg.,  Ixxxi.,  481,  498  ;  Izxxiii,  384  ;  Pflacker,  Pogg., 
Ixxii,  315;  Ixxvi,  676;  Ixxvii,  4l7;  IxxxtL,  1 ;  OraiUch  n.  yon  Lang,  Bez.  Ak.,  Wien, 
ii.,  43 ;  TTTJii.,  439,  eto.,  eta 


VL  TASTE  AND  ODOR 

In  their  action  upon  tlie  senses  a  few  minerals  possess  taaCey  and  others 
under  some  circumstances  give  off  odor. 

Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  reference  are  as  follows : 

1.  Astringent ;  the  taste  of  vitriol. 

2.  Sweetish  astringent  /  taste  of  alum. 

3.  Sfdine  /  taste  of  common  salt. 

4.  Alkaline  ;  taste  of  soda. 

6.  Cooling;  taste  of  saltpeter. 

6.  Bitter  /  taste  of  epsom  salts. 

7.  Sour  :  taste  of  sulphuric  acid. 

Odor. — Excepting  a  tew  gaseous  and  soluble  species,  minerals  in  the  dry 
unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids, 
odors  are  sometimes  obtained  which  are  thus  designated : 

1.  Alliaceous  ;  the  odor  of  garlic.  Friction  of  areenical  iron  elicits  this 
odor ;  it  may  also  be  obtained  from  arsenical  compounds,  by  means  of  heat. 

2.  Ilorse'radish  odor  /  the  odor  of  decaying  horse-radish.  This  odor  ie 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphureous  /  friction  elicits  this  odor  from  pyrite  and  heat  from 
many  suTphides. 

4r.  Bituminous  /  the  odor  of  bitumen. 

5.  Fetid  ^  the  odor  of  sulphui*etted  hydrogen  or  rotten  eggs.  It  is  eli* 
cited  by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  ArgUlaceaus  ;  the  odor  of  moistened  clay.    It  is  obtained  from  8e^ 

*  See  also  on  p.  190. 
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pentiue  and  some  allied  minerals,  after  moistening  them  with  tho  breath; 
others,  as  pyrargillite,  afford  it  when  heated. 

The  Feex  is  a  character  which  is  occasionally  of  some  importance ;  it  is 
said  to  be  smooth  (sepiolite),  greasy  (talcV  harsh^  or  ineagrey  etc.  Some 
mine]*al8,  in  consequence  of  their  hygroscopic  character,  adhere  to  the  ton/gue^ 
when  brought  in  contact  with  it 


SECTION  n.— SUPPLEMENTARY  CHAPTER. 

I.   COHESION  AND  ELASTICITY   (pp.  119  tO  122). 

The  etching-figures  {Aetzfiguren)  produced  by  the  action  of  appropriate 
Bolvents  upon  the  surfaces  oi  crystals  have  been  further  investigated  in  the 
case  of  a  considerable  number  of  minerals,  and  the  results  have  in  some 
cases  served  to  throw  light  upon  the  question  as  to  which  crystalline  system 
a  given  species  belongs.  See  the  investigations  of  Baumhaueb  of  the 
etching-figures  of  lepiuolite,  tourmaline,  topaz,  calamine,  Jahrb.  Min.,  1876, 
i.  ;  pyromorphite,  mimetite,  vanadinite,  ib.,  1876,  411  ;  of  adularia,  albite, 
fluorite,  ib.,  1876,  602  ;  of  leucito,  Z.  Kryst.,  i.,257,  1877;  quartz,  ib.,  ii., 
117,  1878;  mica  (zinnwaldite),  ib.,  iii.,  113,  1878;  boracite,  ib.,  iii.,  337, 
1879  ;  perofskite,  ib.,  iv.,  187,  1879  ;  nephelite,  ib„  vi.,  209, 1882.  (For 
earlier  papers  giving  results  of  etching  experiments  on  muscovite,  garnet, 
linnsBite,  biotite,  epidote,  apatite,  gypsum,  in  Ber.  Ak.  Munchen,  1874, 
245;  1876,  99.)  On  the  etcliing-flgures  of  alum,  see  Fe.  Klooke,  Z. 
Kryst.,  ii.,  126,  1878  ;  of  the  different  micas,  F.  J.  WiiK,  Oefv.  Pinst  Vet. 
Soc,  xxii.,  1880. 

On  the  artificial  twins  (twinning-plane  — ^5)  of  calcite  produced  by 
simple  pressure  with  a  knife-blade  on  the  obtuse  edge  of  a  cleavage  frag- 
ment, see  Baumhauee,  Zeitschr.  Kryst.,  iii.,  588.  1879  ;  Brezina,  ib.,  iv., 
618,  1880.  The  fragment  should  have  a  prismatic  form,  say  6-8  mm.  in 
length  and  3-G  mm.  in  breadth,  and  be  placed  with  the 
obtuse  edge  on  a  firm  horizontal  support.  The  blade 
of  an  ordinary  table-knife  is  then  applied  to  the  other 
obtuse  edge,  as  at  a  (f.  412a).  and  pressed  gradually  and 
firmly  down.  The  result  is  that  the  portion  of  the  crys- 
tal lying  between  a  and  h  is  reversed  in  position,  as  if 
twinned  parallel  to  the  horizontal  pl.ine  — ^-B.  The 
twinning  surface,  gee,  is  perfectly  smooth,  and  the 
re-entrant  angle  corresponds  very  exactly  with  that  required  by  theory 
(Brezina).  Earlier  observations  by  Pfafl  and  Reusch  have  shown  that 
twin  lamellss  (—^R)  may  bo  produced  in  a  cleavage  mass  of  calcite  of 
prismatic  form,  by  simple  pressure  exerted  perpendicular  to  a  straight  ter- 
minal plane.  Such  twinning  lamellae  are  often  observed  in  thin  sections  of 
a  crystalline  limestone  when  examined  in  polarized  light  under  the  micro- 
scope. 

On  the  application  of  the  fracture-figures  (Schlagfiguren)  in  the  optical 
examination  of  the  mica  species  see  Bauer,  ZS.  S.  Ges..  xxvi.,  137,  1874 
(for  earlier  papers  see  p.  122)  ;  Tschermak,  Z.  Kryst.,  ii.,  14,  1877.  On 
the  occurrence  of  Oleitfldchen  on  galena  sec  Bauer,  Jahrb.  Min...  1882,  i., 
183. 

n.   SPECIFIC  GBAVETY  (pp.  123,  124). 

Use  of  a  Solution  of  high  Specific  Gravity. — A  solution  of  mercuric 
iodide  in  potassium  iodide  (Hg,I  in  KI)  affords  a  means  of  readily  ob- 
taining the  specific  gravity  of  any  mineral  not  acted  upon  by  it  chemically. 
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and  for  which  G.  <  3«1 ;  and  also  of  sepurating  from  each  other  minerals  of 
different  densities,  when  intimately  mixed  in  the  form  of  small  fragments. 
The  solution  is  called  the  Sonstudt  solution,  having  been  first  proposed 
b}^  E.  SoNSTADT  in  1873  (Cliem.  News,  xxix.,  127)  ;  its  application  for  the 
above  objects  was  proposed  bv  Chuboh  in  1877  (Min.  Mag.,  i.,  237)  ;  and 
the  method  elaborated  by  Thoulet  in  1878  (U.  R.,  Feb.  18.  1878  ;  Bull. 
8oc.  Min.,  ii.,  17,  189,  1879),  and  later  bv  Goldschmidt  (J.  Min.,  Beil.- 
Bd.,i.,  179,  1881 ). 

The  solution  is  prepared  (Goldschmidt)  as  follows  :  The  KI  and  H^TjI 
are  taken  in  the  ratio  of  1:1-239,  and  introduced  into  a  volume  of  water 
slightly  greater  than  is  required  to  dissolve  them  (say  80  cc.  to  500  gr.  of 
the  salts) ;  the  solution  is  then  filtered  in  the  usual  way  and  afterward  evap- 
orated down  in  a  porcelain  vessel,  over  a  water-bath,  until  a  crystalline  scum 
begins  to  form,  or  when  a  fragment  of  tourmaline  (G.  =3*1)  floats  ;  on  cooling, 
the  solution  has  its  maximum  density.  If  the  mercuric  iodide  is  not  quite 
pure  a  small  quantity  in  excess  of  that  required  by  the  above  ratio  must  be 
taken.  The  highest  specific  gravity  for  the  solution  obtained  by  Gold- 
schmidt was  3-196,  a  solution  in  which  fluorite  floats.  This  maximum  is 
not  quite  constant,  varying  with  the  moisture  of  the  atmosphere  and  with 
the  temperature. 

The  method  of  using  the  solution  for  obtaining  the  speciflo  gravity  of 
small  fragments  of  any  mineral  is,  according  to  Goldschmidt,  as  follows :  Tlie 
fragments  are  introduced  into  a  tall  beaker,  say  40  cc.  capacity,  with  a  por- 
tion of  the  concentrated  solution  ;  then  water  is  added  drop  uy  drop  (or  r. 
dilute  solution  of  the  same  for  high  densities)  from  a  burette,  until  the  frag- 
ments, after  being  agitated,  are  just  suspended,  and  remain  so  without  either 
rising  or  falling.  This  process  requires  care  and  precision,  since  the  princi- 
pal error  to  which  the  method  is  liable  is  involved  here.  The  solution  is  now 
introduced  into  a  little  glass  flask,  graduated  say  to  hold  just  25  cc,  and  this 
amount  having  been  exactly  measured  off,  the  weight  is  taken  ;  then  the 
solution  is  poured  back  into  the  original  beaker  and  the  fact  noted  whether 
the  fragments  still  remain  suspended  ;  then  introduced  again  into  the  flask 
and  weighed,  and  so  a  third  time.  The  average  result  of  the  three  weigh- 
ings, diminished  by  the  known  weight  of  the  flask  and  divided  by  25,  gives 
the  speciflc  gravity.  The  exact  measurement  of  the  25  cc.  is  a  matter  of 
importance,  and  is  most  easily  accomplished  by  adding  at  first  a  little  more 
than  enough  and  then  removing  the  excess  by  a  capillary  tube  or  a  piece  of 
filter  paper  ;  the  reading  is  best  taken  from  the  lower  edge  of  the  meniscus. 
It  is  not  necessary  to  clean  and  dry  the  fiask  each  time.  The  weighing  need 
not  be  very  accurate,  as  an  error  of  25  mgr.  onlv  involves  a  change  of  a  unit 
in  the  third  decimal  place  (-001).  The  descrfber  readilv  obtained  results 
accurate  to  three  decimals.  The  advantages  of  the  method  are  that  it  is 
readily  applicable  In  the  case  of  small  fragments  (dust  is  to  be  avoided),  it  is 
easily  used,  and  any  want  of  homogeneity  in  the  mineral  makes  itself  at  once 
apparent. 

This  solution  is  also  most  useful  in  affording  a  means  of  separating  me- 
chanically different  minerals  when  intimately  mixed  together ;  as,  for  example, 
in  a  fine-grained  rock.  For  this  purpose  the  rock  must  first  be  pulverized 
in  a  steel  mortar,  then  put  througn  a  sieve,  or  better,  through  several,  so  as 
to  obtain  a  series  of  sets  of  fragments  of  different  size  ;  the  dust  is  rejected. 
The  fragments  should  be  examined  under  the  microscope,  to  see  that  they  are 
homogeneous ;  the  largest  fragments  satisfying  this  condition  will  give  the 
best  results. 
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According  to  Thoulet  the  best  method  ot  procedure  is  to  first  determine  the 
density  of  Uie  fragments  approximately  by  inserting  typical  ones  in  a  series 
of  samples  of  the  solution  of  gradually  increasing  density.  This  point  deter- 
mined, some  60  cc.  of  the  concentrated  solution  are  introduced 
into  the  tube,  A,  and  1  or  2  grams  of  the  weighed  fragments  o 
added.  Then  the  tightly-fitting  rubber  cork  with  the  tube, 
Fy  is  inserted  ;  the  tube,  P,  is  connected  bjr  a  rubber  tube  with 
an  air  pump,  and  the  air  babbles  are  in  this  way  removed  from 
the  powder.  The  heavy  parts  of  the  mixture  fall  to  the  bottom, 
and  are  removed  by  opening  the  stop-cock  at  C,  and  are  washed 
out  by  use  of  the  tul^,  B ;  the  other  fragments  float.  Now  a 
quantity  of  distilled  water  is  added  in  order  so  to  dilute  the  solu- 
tion as  to  cause  the  next  heavier  portions  to  sink,  as  determined 
by  the  equation 


A    —  1 


\/ 


() 


c 


1. 


where  v  =  volume  of  the  solution,  D  its  specific  gravity,  Vx  the 
volume  of  the  water,  and  A  the  density  desired.  The  cock 
at  D  is  shut  and  that  at  C  opened  and  air  blown  through  the 
side  tube,  so  as  to  mix  the  solution  thoroughly ;  then  the  original 
operation  is  repeated,  and  so  on. 

GoLDSCHMiDT  rccommeuds  the  following  method  of  procedure. 
The  separation  is  conducted  in  a  small  slender  beaker  of  about 
40-50  cc.  capacity.  Instead  of  the  series  of  standard  solutions 
(the  density  of  which  is  liable  to  alter)  a  scries  of  minerals  of 
known  specific  gravity  are  used  as  indicators  ;  by  means  of  them  it 
is  easy  to  determine  the  limits  as  to  density  which  are  required  to  make  the 
separation  desired,  the  constituent  minerals  having  been  determined  by  the 
microscope.  For  example,  suppose  it  to  be  desired  to  separate  aiigite,  horn- 
blende, oligoclase,  and  orthoclase  ;  labradorite  and  albite  are  taken  as  indica- 
tors. Augite  falls  at  once  in  the  concentrated  solution  ;  if  diluted  till  the  lab- 
radorite sinks,  all  the  hornblende  goes  down  ;  before  or  with  the  albite  the 
oligoclase  sinks,  and  the  orthoclase  is  left  suspended.  By  the  use  of  the  25  cc. 
flask,  the  exact  specific  gravity  in  each  case  can  be  obtained  if  desired.  The 
operation  of  separation  goes  on  as  follows :  The  rock  powder  and  the  indicators 
are  inserted  with  say  30  cc.  of  the  concentrated  solution  into  the  beaker  spoken 
of ,  then  the  whole  is  stirred  vigorously  and  allowed  to  settle,  and  the  lighter  part 
decanted  off.  The  heavier  part  which  has  settled  is  removed  with  a  iet  from 
a  wash  bottle,  without  disturbing  the  lighter  fragments  adhering  to  the  upper 
part  of  the  beaker.  The  latter  are  subsequently  removed,  washed,  dried, 
a^in  washed  in  the  solution,  and  added  to  the  rest  for  the  further  separation. 
If  the  separations  accomplished  in  this  way  are  not  complete,  they  may  be 
repeated  most  conveniently  with  the  Thoulet  apparatus.  Under  favorable 
conditions,  and  if  the  manipulation  is  skilful,  the  separation  can  be  accom- 
plished with  considerable  exactness.  For  the  best  results  the  process  must  be 
repeated  several  times. 

Thoulet  recommends  also  (1.  c.)  this  method  of  determining  the  specific 
gravity  of  small  fragments  of  minerals.  A  float  of  wax  (inclosing  any  suit- 
able solid  body)  is  made  with  a  specific  gravity  of  from  1  to  2.     The  frag- 
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ments  of  the  mineral  are  lightly  pressed  into  the  wax  float,  and  this  intro- 
dnced  into  the  Sonstadt  solution,  of  such  strength  that  the  float  remains  in 
equilibrium  at  any  level.     If  P,  V,  D  are  respectively  the  weight,  volume, 

and  density  of  the  float  alone  (  ^  ~  77  )  ^^^  Py  ^9  ^  ^^^^  same  values  for  the 

fragments  alone  (^  ^  ^)  ^^^  finally  a  the  density  of  the  liquid  in  which 
the  loaded  float  is  in  equilibrium  ;  then 

^^L±J        or       d^—P'^       ^ 
d 

Breois'  has  proposed  (Bull.  Soc.  Min.,  iii.,  46,  1880)  the  following  method 
for  separating  different  minerals  intimately  mixed,  which  is  applicable  in 
cases  where  their  density  is  ^eater  than  that  of  the  Sonstadt  solution.  Lead 
chloride  and  zinc  chloride,  in  appropriate  proportions,  are  fused  together  (at 
400°  C.)  and  by  this  means  a  transparent  or  translucent  solution  is  obtained 
of  high  speciflc  gravity.  Briefly,  the  method  of  procedure  is  as  follows  :  A 
conical  tube  of  ghiss  is  taken,  of  about  12  to  15  cc.  capacity ;  this  will  allow  of 
the  treatment  of  4  or  5  grams  of  the  mixed  minerals.  The  chlorides  of  lead 
and  zinc,  in  approximately  the  proper  proportions,  are  placed  in  the  glass  tube 
and  this,  surrounded  by  sand,  inserted  in  a  platinum  crucible.  On  the  ap- 
plication of  heat  the  zinc  chloride  fuses  first,  but  finally  a  homogeneous  mix- 
ture of  the  two  liquids  is  obtained.  Now,  little  by  little,  the  mineral  frag- 
ments are  introduced  and  the  liquid  stirred  ;  then  on  allowing  it  to  stand  for 
a  moment  the  heavier  particles  sink  to  the  bottom  and  the  lighter  ones  float 
The  tube  is  now  removed  from  its  sand  bath  and  cooled  rapidly.  When 
Bolidifled  but  still  hot  the  glass  may  be  plunged  into  cold  water,  in  which 
case  it  will  be  broken  and  the  fragments  can  be  removed,  so  that  the  fused 
mass  within  can  be  obtained  free.  Subsequently  the  fragments  in  the  upper 
and  lower  parts  of  the  mass  can  be  separated  by  solution  in  water  to  which  a 
little  acetic  acid  has  been  added.  The  author  nas  operated  on  minerals  vary- 
ing from  wolframite  (G.  =  7-5)  to  beryl  (G.  =  2-7),  and  in  some  samples 
of  sand  has  separated  as  many  as  12  constituent  minerals. 

D.  Kleik  (Bull.  Soc.  Min.,  iv.,  149,  1881)  has  proposed  to  use  one  of  the 
boro-tungstate  salts  in  the  place  of  the  Sonstadt  solution  for  the  separation 
of  minerals  whose  specific  gravity  is  as  high  as  3-6.  The  most  suitable  salt 
for  this  purpose  is  the  cadmium  compound,  H4Cd«BsW»0»4-f-16  aq.  It  dis- 
solves at  22°  C.  in  about  ^V  its  weignt  of  water,  and  crystallizes  out  both 
on  evaporation  and  cooling.  At  75"^  C.  it  melts  (best  over  a  water-bath)  in 
its  water  of  crystallization  to  a  yellow  liquid,  on  the  surface  of  which  a 
spinel  crystal  (G.  =3-65)  floats.  By  the  application  of  the  Thoulet  appara- 
tus (see  above),  so  arranged  as  to  allow  of  the  application  of  heat,  solutions 
of  any  speciflc  gravity,  hot  or  cold,  from  1  to  3-6,  can  be  obtained.  A  num- 
ber of  common  minerals  fe.  g.  chrysolite,  epidote,  vesuvianite,  some  varie- 
ties of  amphibole  and  mica)  can  be  separated  by  the  use  of  this  liquid,  while 
the  Sonstadt  solution  is  inapplicable.  The  fragments  under  examination 
must  be  free  from  the  carbonates  of  calcium  or  magnesium,  which  decom- 
pose the  boro-tungstate  of  cadmium. 
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III.    LIGHT  (pp.  125-168). 

Measurement  of  Indices  of  Refraction. 

For  the  determination  of  the  indices  of  refraction  of  crystallized  minerals^ 
various  improvements  have  been  made  in  former  methods  and  some  new 
methods  devised. 

Use  of  the  Horizontal  Goniometer. — The  ordinary  method  for  determining 
the  index  of  refraction,  requiring  the  observation  of  the  angle  of  minimum 
deviation  {6)  of  a  light-ray  on  passing  through  a  prism  of  the  given  mate- 
rial, having  a  known  angle  {a),  and  with  its  edge  cut  in  the  proper  direc- 
tion, has  already  been  mentioned  (p.  128).  The  two  measurements  required 
in  this  case  can  be  readily  made  with  the  horizontal  goniometer  of  Fuess, 
described  on  p.  115.  In  this  instrument  the  collimator  is  stationary,  being 
fastened  to  a  leg  of  the  tripod  support,  but  the  observing  telescope  with  the 
verniers  moves  freely.  In  the  use  for  this  object  the  graduated  circle  is  to  be 
clamped,  and  the  screw  attachments  connected  with  the  axis  carrying  the 
support,  and  the  vernier  circle  and  observing  telescope  are  to  bo  loosened. 
The  method  of  observation  requires  no  further  explanation  (see  also  pp. 
141, 150). 

Total  Reflect rometcr, — F.  Kohlbausch  has  shown  (Wied.  Ann.,  iv.,  1,1878) 
that  the  principle  of  total  reflection  (p.  128)  may  be  made  use  of  to  deter- 
mine the  index  of  refraction  in  cases  where  other  methods  are  inapplicable. 
If o  prism  is  required,  but  only  a  small  fragment  having  a  single  polished 
surface  ;  this  may  bo  cut  in  any  direction  for  an  isotropo  medium  ;  it  should 
be  parallel  to  the  vertical  axis  m  a  uniaxial  crystal,  and  perpendicular  to  the 
acute  bisectrix  with  a  biaxial  crystal.  The  arrangements  required  are,  in 
their  simplest  form,  a  wide-mouthed  bottle  filled  with  carbon  disulphide 
(refractive  index  1-0)  ;  the  top  of  this  is  formed  by  a  fixed  graduated  circle, 
and  a  vertical  rod,  with  a  vernier  attached,  passes  through  the  plate  and  car- 
ries the  crystal  section  on  its  extremity,  immersed  in  the  liquid.  The  angle 
through  which  the  crystal  surface  lying  in  the  axis  is  turned  is  thus  meas- 
ured in  the  same  way  as  in  f.  412h,  by  the  vernier  on  the  stationary  gradu- 
ated circle.  The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and 
through  this  passes  the  horizontal  observing  telescope,  arranged  for  parallel 
light.  The  rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper, 
through  which  the  diffuse  illumination  from  say  a  sodium  flame  has  access  ; 
the  rear  of  the  bottle  is  suitably  darkened.  When  now  the  observer  looks 
through  the  telescope,  at  the  same  time  turning  the  axis  carrying  the  crystal 
section,  he  will  finally  see,  if  the  source  of  illumination  is  in  a  proper  oblique 
direction,  a  sharp  line  marking  the  limit  of  the  total  reflection.  The  angle 
is  then  measured  off  on  the  graduated  circle,  when  this  line  coincides  with 
one  of  the  spider  lines  of  the  telescope.  Now  the  crystal  is  turned  in  the 
opposite  direction,  and  the  angle  again  read  off.  Half  the  observed  angle 
{2a)  is  the  angle  of  total  reflection  ;  if  n  is  the  refractive  index  of  the  car- 
bon disulphide,  then  the  required  refractive  index  is  equal  to 

n  sin  or. 

TJnder  favorable  conditions  the  results  are  accurate  to  four  decimal  places. 
This  method  is  limited,  of  course,  to  substances  whose  refractive  index  is  less 
than  that  of  the  liquid  medium  with  which  the  bottle  is  filled.     With  a  seo- 
12 
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tion  of  a  uniaxial  crystal,  whose  surface  is  most  conveniently  parallel  to 
the  vertical  axis,  the  method  is  essentially  tlie  same.  The  section  is  so 
placed  that  in  it  the  direction  normal  to  the  optic  axis  is  horizontal.  The 
light  will  be  here  separated  into  two  rays,  having  separate  limiting  surfaces, 
and  with  a  Nicol  prism  it  is  easy  to  determine  which  of  them  corresponds 
to  the  vibrations  parallel  and  perpendicular,  respectively,  to  the  optic  axis. 
For  biaxial  crystals  the  surface  should  be  normal  to  the  acute  bisectrix.  This 
will  give  by  aotual  observation  the  values  of  a  and  /,  and  if  %Ey  the  appa- 
rent axial  angle  in  air,  is  known,  then  ytf,  the  mean  index  can  be  calculated 
(see  p.  150).  Instead  of  carbon  disulphide  the  Sonstadt  solution,  with 
n  =  1-73,  can  be  employed.  The  total  reflectrometer  of  Kohlrausch  has  been 
adapted  in  practical  form  to  the  horizontal  goniometer  (f.  372a)  of  Fueas 
(see  Liebisch,  Ber.  Ges.  Nat.  Fr.  Berlin,  Dec.  16,  1879).  Klein  has  sug- 
gested some  improvements  (J,  Min.,  1879,  880),  and  Bauer  (J.  Min.,  1882, 
1.,  132)  has  shown  how  the  method  can  be  simply  applied  to  the  instrument 
for  the  measurement  of  the  optic  axial  angle  (f.  412h),  and  without  its 
modification  in  any  important  respect. 

Quincke  (abstract  in  Z.  Kryst.,  iv.,  640)  has  described  another  method 
for  obtaining  the  refractive  index  of  a  substance  on  the  principle  of  total 
reflection.  In  a  word,  it  consists  in  observing  on  a  spectrometer  the  limit- 
ing angle  of  total  reflection  for  a  plane  section  of  the  substance  to  be  inves- 
tigated^ brought  with  oil  of  cassia  between  two  flint  glass  prisms. 

SoRBY  (Proc.  Eoy.  Soc,  xxvi.,  384;  Min.  Ma^.,  i.,  97,  194;  ii.,  1,  108) 
has  developed  the  method  of  obtaining  the  refractive  index  of  a  transparent 
medium,  first  described  by  Duke  de  Chaulnes  (1767),  and  has  shown  that 
under  suitable  conditions  it  allows  of  determinations  being  made  with  con- 
siderable accuracy.  This  method  consists  in  observing  the  distance  (d)  which 
the  focal  distance  of  the  objective  is  changed  when  a  j)lane-plane  plate  of 
known  thickness  (t)  is  introduced  perpendicular  to  the  axis  of  the  microscope 
between  the  objective  and  the  focal  point — here 
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Sorby  makes  use  of  a  glass  micrometer,  upon  which  two  systems  of  lines 
perpendicular  to  each  other  are  ruled.  The  micrometer  screw  at  ^,  in  the 
Kosenbusch  microscope  (f.  412k,  p.  181),  makes  it  possible  to  measure  the 
distance  through  which  the  tube  is  to  be  raised  and  lowered  down  to  '001 
mm. ;  consequently  both  t  and  d  can  be  obtained  with  a  high  degree  of 
accuracy. 

Bauer  has  shown  that  the  indices  of  refraction  may  be  obtained  with  con- 
siderable accuracy  from  measurements,  in  the  plane  of  the  axes,  of  the  distances 
between  the  black  rings  in  the  interference  figures  as  seen  in  homogeneous 
light.  The  relation  between  these  distances  and  the  optical  axes  of  elasticity 
was  established  by  !N'eumann  (Pogg.  Ann.,  xxxiii.,  257,  1834).  Bauer  has 
made  use  of  this  method  in  the  case  of  muscovite  (Ber.  Ak.  Berlin,  1877,  704). 
He  has  also  developed  the  same  method  as  applied  to  uniaxial  crystals  and 
employed  it  in  the  case  of  brucite  (ib.,  1881,  958). 

Polarization  Instruments. 
Polariscope, — The  earlier  forms  of  polariscope  for  converging  and  for  par- 
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allel  light,  as  Arranged  bj  Groth  and  constructed  bj  Fness,  are  ehowii  in  figs. 
384,  385,  p.  134.     The  more  ^.  ^,0, 

recently  coDStructed  instru- 
ments (see  Liebisch,  1.  c,  p. 

342  ot  Bcq.),  with  some  impor- 
tiint  improvements,  are  shown 
in  f.  4120  and  f.  412d.  The 
lower  tnbe,  /,  containing  the 
analyzer,  has  about  it  a  collar, 
/'  (see  details,  figure  412f), 
with  a  triangular  projection 
on  the  nppei-  edge ;  this  fits 
into  one  of  two  correspond- 
ing    triangular     depressiona 

(0°  and  45°)  in  the  surround-  * 

ing  tube,  g.  This  serves  to 
fix  the  position  of  the  tube, 
that  is,  of  the  vibration-plane 
of  theenclosed  Nicol,  with  ref- 
erence to  the  fixed  arm,  B,  to 
which  the  vemieia  are  at- 
tached, BO  that  the  principal 
section  of  the  Nicol  either  co- 
incides with,  or  makes  an 
angle  of  ^5"  with  the  0°  line 

of  the  verniers.     The  circle,  i,  ' 

13  graduated  to  1°,  and  with 
the  vernier  gives  readings  to 
2' ;  the  section  to  be  examined 
is  supported  at  it.  A  simitar 
collar,  «,  auiTonnds  the  upper 
tnbe,  V,  by  which  the  posi- 
tion of  the  micrometer  (at  r) 
(this  micrometer  consists  of 
two  lines  at  right  angles,  one 
of  whichi3graauated)canal80 
be  fixed  relatively  to  the  ver- 
nier so  that  the  graduated  lino 
of  the  micrometer  is  perpendic- 
ular to  the  plane  through  the 
axis  of  the  instrument  and  the 
zero  of  the  vernier.  The  tube 
above  carrying  the  Nicol  has 
at  «  a  graduated  circle  which 
shows  the  relative  directions  of 
the  vibration -planes  of  the  two 
Nicols.     The  lenses  at  n  and  0 

are  arranged  so  that  they  may  be  used  nil  together,  when  strongly  converging 
light  is  needed,  or  the  small  lenses  may  be  removed,  so  that  three  combina- 
tions are  possible,  A  small  screw  at  a  makes  it  possible  to  adjust  the  position 
of  the  glass  micrometer  so  that  it  shall  always  be  in  the  focus  of  the  lenses  at 
o,  a  point  which  varies  according  to  the  combination  of  lenses  employed. 
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Slauroacope — Calderon's  Plate. — The  ttauroscopo  is  essentially  the  same  in- 

Btrument  as  ttat  mentioned  in  f.  385.     Instead,  however,  of  employing  tlio 

Brezina  interference-plate  of  ealcite,  a  double  plate  is  used,  aa  Euggeettd  by  Cal- 

deron  (Z.  Kryst ,  it.,  HSj.     This  plate  is,  in  fact,  an  artificial  twin,  and  ismado 

as  follows:  AealciterhomboJiedron  is  cut  through  along  thoehoiterdiagoniil ; 

from  each  half  a  wedge-shapod  portion  is  cut  away  aud  the  two  eurfaces  thus 

produced,  afterbeingpolished,  arc  cemented  together.     A  plane- plane  plate  is 

413(j_  then  cut  from  this   (compurc  figurc)   by  griudiug 

g  away  the  angles  as  indicated  ;  this  plate  is  divided 

_,.,-'■■[ --~^,^  into  two  halveB   by  the  line  of  Ecparation  of  the 

---"" I '  •  -      artificial  twiu.      Such  a  plate  is  vei7  sensitive,  and 

\^                 i  [/    allows  of  very  exact  obsen^ations.     It  is  placed  at  m 

k ~','"-  i----^ /     (f-  412d),  and  when  the  urrangementaare  completed 

''■---■"'  "~"'--,''      the  dividing  line  of  the  calcite  exactly  coincides  with 

a  vibration -plane  of  one  of  the  two  Nicols.  A  diaphragm  is  placed  above 
with  holes  of  varying  size  according  to  the  minuteness  of  the  crystal  to  be 
examined.  The  stauroscopic  determinations  made  by  Calderon  showed  an 
error  of  only  3'  to  7'. 

AxiaUaiigU  Instrument  (see  p.  148). — The  instrument  for  the  measure- 
ment of  the  angle  of  the  optic  axes  is  in  principle  essentially  that  of  Des 
Gloizeaux,  but  in  the  details  of  the  construction  various  improTcmeots  have 
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boon  introduced  (see  f.  412h).  The  same  arrangement  of  adjustable  cxtllars 
at  m'  and/*  is  employed  as  in  the  other  instniments.  to  fix  the  position  of  the 
principal  sections  of  the  Nicols  relatively  to  the  plane  passing  thvoiigh  the  axis 
of  the  observing  telescope  and  the  axis  of  rotation.  Instead  of  the  straight 
rod  in  f.  401,  in  the  pincers  at  the  extremity  of  which  the  crystal  section  is 
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held,  there  ia  hero  an  arrangement  consisting  of  two  concentric  tubes,  turn- 
ing independently,  but  so  as  to  be  clamped  at  e.  The  adjustable  disk  hav- 
ing a  liorizontal  motion  at  F,  and  the  spherical  segment  at  if  (Petzval 
support)  allow  of  the  section  being  both  centered  and  adjusted. 

Polariscope  of  Adams-Sckneider. — A  polariecope  of  peculiar  construction, 
giving  a  very  large  field  of  view,  and  at  the  same  time  aJiowing  of  the  meas- 
urement of  the  axial  angle,  was  proposed  in  1875  by  Adams  (Phil.  Mag..  IV., 
1.,  p.  13, 1875;  v.,  viii.,  ~75).  The  same  instrument  has  been  fnither  devel- 
oped by  ScHNBiDEtt  (Carl.  Kep.,  xv.,  744),  and  is  also  described  by  Beckb 
(llin.  Petr.  Mitth.,  ii.,  430,  1879).  The  peculiarity  of  the  instrument  cod- 
sists  in  this,  that  the  middle  plano-convex  lenses  which  ordinarily  are  fixed 
to  the  upper  and  lower  lens  systems,  respectively  (see  o,  o,  o,  and  «,  n,  n,  in 
f.  413c),  are  bore  separated  from  the  others  in  a  common  support,  and  to- 
gether form  a  sphere.  The  course  of  the  light-rays  will  be  always  the  same, 
noivever  the  sphere  is  rotatod  about  its  fixed  centre.  Between  the  semi- 
spherical  lenses  a  space  is  left,  and  here  is  introduced  the  section  to  be  ex- 
amined, which,  turning  with  the  surrounding  lenses,  can  obviously  be  made 
to  take  any  desired  position  with  reference  to  the  axis  of  the  instrument.  An 
appropriate  arrangement  makes  it  possible  to  measure  the  angle  through 
which  the  section  must  be  rotated  to  bring  first  one  and  then  the  second 
optic  axis  in  coincidence  with  the  axis  of  the  instrument.  The  advantages 
of  the  instrument  consist  in  the  fact  that  the  field  of  view  is  very  large,  and 
at  the  same  time  it  allows  of  placing  the  section  in  any  desired  position  rela- 
tively to  the  axis.  Moreover,  the  angle  measured  is  the  apparent  angle  for 
the  glass  of  which  the  lenses  are  made,  so  that  the  axes  are  visible  in  cases 
where  this  would  not  be  the  case,  "because  of  total  reflection,  either  in  air  or 
in  oil. 

Polarization-Microscope. — The  investigation  of  the  form  and  optical  prop- 
erties of  minerals  when  in  microscopic  form,  as  they  occur,  for  example,  in 
rocks  of  fine  crystalline  structure,  has  been  much  facilitated  by  the  use 
of  instruments  specially  adapted  for  this  purpose.     The  moat  serviceable 

Solarizing  microscope,  for  general  use,  is  that  described  by  Hosenhuseh  (Jahrb. 
lin.,  1876,  504),  and  made  by  E.  Fnesa,  of  Berlin.     A  sectional  view   is 
given  in  f.  412k.     The  essential  arrangements  are  as  follows  :  The  coarse  ad- 
justment of  tlie  tube  carrying  the  eye-piece  and  objective  is  accomplished  by 
^j2j__  the  hand,  the  tube  sliding  freely 

in  the  support,  p.  The  fine  ad- 
justment 13  made  by  the  screw, 
g ;  the  screw-head  is  graduated 
and  turns  about  a  fixed  index 
attached  to  p.  by  this  means 
the  distance  through  which  the 
tube  is  raised  or  lowered  can 
be  measured  to  O-OOl  mm.; 
this  ia  important  in  determin- 
ing the  indices  of  refraction 
by  the  De  Chaulnes-Sorby  meth- 
od (see  p.  178).  The  polarizing 
prism  (Razumovsky)  is  placed 
below  the  stage  at  r,  in  a  sup- 
port, with  a  graduated  circle,  so 
that  the  position  of  its  vibniti  on-plane  can  oe  fixed.  The  analyzing  prism 
is  placed    cbove  the  eye-piece  in  a  support,  s,  which  may  be  remoTed  at 
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pleasure ;  the  ed^e  of  this  is  graduated  and  a  fixed  mark  on  the  plate,  /,  makes 
it  possible  to  set  the  vibration-plane  in  any  desired  position.  When  both  prisms 
are  set  at  the  zero  mark,  their  vibration -planes  are  crossed  (±);  when  either 
is  turned  90%  the  planes  are  parallel  (||).  The  stage  is  made  to  rotate  about 
the  vertical  axis,  but  otherwise  is  fixed  ;  its  edge  is  graduated,  so  that  the 
angle  through  which  it  is  turned  can  be  measured  to  V,  Three  adjustment 
screws,  of  which  one  is  shown  at  7i,  w,  make  it  possible  to  bring  the  axis  of 
the  object  glass  in  coincidence  with  axis  of  rotation  of  the  stage  (see  fur- 
ther the  detailed  drawing  at  the  side). 

This  instrument  is  especially  applicable  to  the  study  of  the  form  and  opti- 
cal properties  of  minerals  as  they  are  found  in  thin  sections  of  rocks  (on  the 
metnod  of  preparing  see  p.  159),  although  ifc  can  also  be  used  with  small  in- 
dependent crystals  and  crystalline  sections  or  fragments.  The  more  impor- 
tant points  to  which  the  attention  is  to  be  directed,  more  particularly  in  the 
case  of  minerals  in  sections  of  rocks,  are  :  (1)  crystalline  form,  as  shown  in 
the  outline  ;  (2)  direction  of  cleavage  lines ;  (3)  index  of  refraction  ;  (4) 
light  absorption  in  different  directions,  i.  c.,  dichroism  or  pleochroism  ;  (5) 
the  isotrope  or  anisotrope  character,  and  if  the  latter,  the  direction  of  the 
planes  of  light-vibration — this  will  generally  decide  the  question  as  to  the 
crystalline  system  ;  (6)  position  of  the  axial  plane  and  nature  of  the  axial 
interference  figures  when  they  can  be  observed,  and  the  positive  or  negative 
character  of  the  double  refraction  ;  (7)  inclosures,  solid,  liquid  or  gaseous. 

In  regard  to  these  several  points  a  few  general  remarks  may  be  made.* 

(1)  Crystalline  Farm. — In  most  rocks  well  defined  crystals  are  rather  the  exception  than 
the  rule.  It  will  be  consequently  only  in  occasional  sections  (c.  g.  more  commonly  in  vol- 
canic rocks)  that  a  clear  crystalline  outline  is  observed.  The  form  of  this  outline  will  de- 
pend upon  the  direction  in  which  the  section  is  cut,  and  will  vary  as  it  varies  ;  this  fact 
will  explain  why  in  a  given  rock  section  so  many  widely  different  forms  of  a  given  mineral 
are  observed  ;  tnis  irregularity  is  increased  by  the  fact  that  the  crystals  may  be  more  or 
less  distorted.  For  tne  recognition  of  the"  form,  consequently,  considerable  familiarity 
with  the  various  outlines  likely  to  occur  in  the  case  of  a  given  species  is  very  desirable. 

The  angles  between  any  two  crystalline  directions  is  obtained  by  first  bringing  one  of 
them  in  coincidence  with  a  spider  line  in  the  eye-piece,  the  adjustment  at  N  having  been 
previously  made,  and  then  noting  the  angle  through  which  the  crjstal,  i.  e.,  the  stage, 
must  be  rotated  to  bring  the  other  direction  in  coincidence  with  the  same  spider  line. 

(2)  Clenvttge, — The  process  of  grinding  involved  in  the  making  of  a  thin  section  tends  to 
develop  the  cleavage  lines.  Here  are  to  be  noted,  (1)  the  direction  of  cleavage  (measured 
as  above),  depending  on  the  direction  in  which  the  section  is  cut ;  and  (2)  the  character  of 
the  cleavage.  For  example,  a  basal  section  of  a  crystal  of  amphibole  shows  the  cleavage 
lines  parallel  to  the  prism  (124^") ;  a  vertical  section  shows  one  set  of  vertical  and  paraUel 

*  For  the  full  development  of  this  subject,  see  the  works  of  Rosenbusch  and  Zibkel 
(titles  on  p.  111.)  ;  also  the  following  : 

BoBicKY,  E.  Klemente  einer  ncuen  chemisch-mikroskopischen  Mineral-  und  Gresteins^ 
analyse,  72  pp.  4to,  Frag,  1877. 

Cohen,  E.  Sammlung  von  Mikrophoto^aphieen  zur  Yeranschaulichung  der  mikroskop- 
ishen  Structur  von  Mineralien  und  Gksteinen,  aufgenommen  von  J.  Grimm  in  Olienburg; 
1,  2,  8,  4,  5  Lfg.,  Stuttgart,  1881-82. 

DoELTER.  Die  Bestimmung  der  petrof^jjhisch  wichtigeren  Mineralien  durch  das  Mikro* 
skop  ;  Eine  Anleitung  zur  mikroskop.  Gesteins- Analyse,  80  pp.  8vo,  Vienna,  1876. 

FouQu6,  F.  and  Michel-L^vy,  A.  Mineralogie  mierograpnique,  roches  6ruptives  Fran*- 
^ises,  509  pp.  4to,  Paris,  1879. 

RuTLEY,  F.     The  Study  of  Rocks,  819  pp.  12mo,  London,  1879. 

Thoulet.  Contributions  a  Tttude  des  proprietes  physiques  et  chemiques  des  min^raux 
microscopioues.  77  pp.  8vo,  Paris. 

Hawes,  (J.  W.  Tne  Mineralogy  and  Lithology  of  New  Hampshire  (Geology  of  New 
Hampshire,  vol.  iii.),  262  pp.  4to,  with  12  plates.  Pages  8-18  of  this  work  eive  an  excel- 
lent summary  of  microecopio  methods  of  investigation,  aa  applied  to  rocks  ana  minerals* 
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cleavage  lines.  On  the  other  hand,  a  basal  section  of  a  crystal  of  pyroxene  shows  the  priS' 
matic  cleavap:e,  here  less  perfect  than  in  the  amphibole,  and  at  an  an^le  of  87°  and  93**  ; 
a  vertical  section  again  shows  onlv  one  set.  Also  a  basal  section  of  mica  shows  no  cleav- 
age lines,  but  a  vertical  section  snows  a  series  of  very  fine  parallel  lines  corresponding  to 
the  highly  perfect  basal  cleavage. 

(3)  The  index  of  refraction  is  obtained  by  the  method  of  the  Duke  de  Chaulnes,  as  devel- 
oped by  Sorby  (see  p.  178). 

(4)  Pleochroism. — To  examine  the  pleochroism  of  a  mineral  section,  the  lower  prism  is 
inserted  and  set  at  0**,  so  that  its  vibration-plane  coincides  with  the  direction  0''  to  180°  on 
the  sta^.  If  now  the  section  be  placed  on  the  stage  and  the  latter  rotated,  the  absorption 
of  the  light  vibrating  in  the  same  plane  with  the  prism  can  be  observed.  For  example,  a 
vertical  section  of  biotite  is  dark  when  the  direction  of  the  cleavage  lines  is  |  with  the  above 
named  line  (0"  to  180°  of  staged,  for  the  light  which  it  transmits  has  vibrations  in  this  plane 
only,  and  these  are  strongly  absorbed  ;  on  the  contrary,  when  the  stage  is  rotated  90"  the 
section  becomes  light,  because  the  light  vibrating  j  to  this  direction,  is  but  slightly  ab- 
sorbed ;  on  the  other  hand,  a  basal  section  shows  no  difference  of  light  absorption. 

(5)  Isotrope  or  Anisotrope^  etc. — Supposing  the  prisms  in  position  and  placed  with  their  vi- 
bration-planes perpendicular,  a  section  of  an  amorphous  substance,  as  glass,  will  remain 
dark  in  all  positions  as  it  is  rotated  upon  the  stage,  for  it  has  sensibly  the  same  light-elastic- 
ity in  all  directions,  since  no  one  direction  has  any  advantage  over  another. 

A  section  of  an  isometric  mineral  will  also  remain  dark  as  it  is  revolved  between  the 
crossed  prisms.  A  section  of  a  tetragonal  or  hexagoruil  crystal  parallel  to  the  base  will  also 
remain  unchanged  between  crossed  prisms  ;  a  vertical  section,  or  one  inclined  to  the  base, 
will  be  dark  only  when  the  directions  of  the  spider  lines  coincide  with  the  vertical  and  trans- 
verse directions  ;  in  other  words,  the  extinction  directions  are  ||  and  _L  to  the  prism.  A 
section  of  an  orthorhombic  crystal  will  have  its  directions  of  extinction  coincident  with  the 
crystallographic  axes.  A* section  of  a  monoclinic  crystal  cut  parallel  to  any  direction  in  the 
orthodiagonal  zone  will  have  its  extinction  directions  parallel  to  the  clinodiagonal  axis  and 
perpendicular  ;  that  is,  if  prismatic  in  habit,  ||  and  J_  to  the  prism,  hence  in  this  position 
it  cannot  be  distinguished  from  an  orthorhombic  crystal.  On  tnc  other  hand,  in  the  case  of 
asectio.i  cut  in  any  other  plane,  the  position  of  the* extinction  directions  will  depend  upon 
the  indiddual  crystal.  For  the  exact  determination  of  these  directions  with  reference  to 
any  crystal lographic  lines  present,  the  method  of  the  stauroscopo  must  be  employed.  For 
minute  sections  a  quartz  plate  (x  vertical  axis)  is  sometimes  inserted  {ZZ  at  tt  in  f.  412k); 
this  gives  for  a  proper  position  of  the  upper  prism  a  field  of  uniform  delicate  color  (say 
violet).  A  section  of  an  anisotrope  mineral  placed  on  the  stage  will  have  the  same  color  only 
when  its  extinction  directions  are  il  and  L  to  the  vibration  plane  of  the  lower  prism  {rr,  in 
f.  413k).  a  special  eye-piece  (see  f.  412k)  provided  with  a  Calderon  plate  is  also  sometimes 
employed. 

(o)  If  the  eye-piece  is  removed,  and  at  the  same  time  suitable  lenses  added,  two  at  T{i. 
A\2t)  and  one  above,  stronpjly  converging  li^ht  is  obtained.  In  many  cases  wh*^n  the  sec- 
tion is  cut  in  the  proper  direction,  the  axial  mterf  crence  figures  can  be  seen  as  distinctly  as 
in  the  ordinary  polariscope.  A  J -undulation  mica  plate  makes  it  possible  in  such  cases  to 
determine  the  +  or  —  character  of  the  double  refraction.  On  the  use  of  microscope  for  the 
observation  of  the  optic  axes,  see  v.Lasaulx,  J.  Min.,  1878,  877,  and  Z.  Kryst.,  ii.,  256  ;  Ber- 
trand,  Bull.  Soc.  Miu.,  1878, 27  ;  Klein,  Nachr.  Ges.  Wiss.  GOttingen,  18';8,  461  ;  Laspeyres, 
Z.  Kryst.,  iv.,  460. 

(7)  For  a  description  of  the  various  inclosures  often  observed  in  sections  of  minerals,  and 
the  method  of  studying  them,  reference  must  be  made  to  the  works  referred  to  above. 

When  it  isdesirccl  to  observe  the  effect  of  increased  temperature  on  the  mineral  sections  or 
their  enclosures  (e.g.  liquid  CO?)  the  air  bath  (f.  41  2l)  heated  by  the  lamp,  i/,  and  provided 
with  a  delicate  thermometer,  is  employed.  This  fits  into  the  stage  at  T^  and  the  section  is 
placed  above  at  ss. 

Microscope  of  Bertrand, — Bertrand  (Bull.  Soc.  Min.,  it.,  97-100,  1880) 
has  devised  a  form  of  microscope  especially  adapted  for  mineralogical  work, 
and  allowing  of  the  determination  of  the  form  and  optical  properties  of  min- 
erals in  crystals  or  sections  so  small  that  they  cannot  be  employed  in  the  or- 
dinary polariscopes.  The  tube  carrying  the  eye-piece  and  objective  has  the 
ordinary  coarse  and  fine  adjustments  ;  the  former  is  accomplished  by  a  rack 
and  pinion  movement,  and  is  measured  by  a  scale  and  vernier;  the  latter  is 
made  by  a  sorow  with  a  graduated  head  situated  similarly  to  that  in  the  Ro- 
senbusch  microscope.    An  opening  in  the  tube  above  the  objective  allows  of 
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the  introdaction  of  a  little  slide  carrying  a  small  lens,  whose  vertical  position 
can  be  adjusted  by  an  appropriate  rack  and  pinion  turned  by  a  screw  head  ; 
this  auxiliary  lens  may  either  magnify  the  interiorence  figures  of  the  crystal 
section  or  else  the  section  itself,  when  the  position  of  the  former  is  properly 
adjusted.  The  objective  can  be  centered  by  horizontal  screws,  and  immedi- 
atelv  above  it  a  quartz  wedge,  or  quarter-undulation  plate  of  mica,  can  be  in- 
troduced for  the  determination  of  the  character  of  the  double  refraction. 
The  stage  has  two  movements  in  directions  at  right  angles  to  each  other,  for 
each  of  which  a  special  scale  with  a  vernier  is  supplied  ;  also,  the  stage  ro- 
tates in  a  horizontal  plane,  and  is  supplied  with  a  graduation  to  allow  of  the 
measurement  of  the  angle  of  rotation.  The  lower  polarizing  prism  is  supplied 
with  several  lenses  for  producing  strongly  converging  light,  and  by  a  screw 
can  be  moved  in  a  vertical  direction.  In  addition,  a  small  goniometer  with 
oil  bath  is  provided,  which  can  be  placed  upon  the  stage,  and  which  allows 
of  the  measurement  of  the  optic  axial  angle  of  the  section  under  examination. 
The  special  advantages  of  this  instrument,  as  shown  by  the  observations  of  the 
inventor  with  it,  as  also  those  of  Des  Cloizeaux,  are  that  it  allows  of  all  the 
necessary  optical  determinations  even  in  crystals  or  crystal  sections  which  are 
extremely  minute. 

On  the  Cause  of  the  so-called  Optical  Anomalies  of  Crystals. 

[The  following  paragraphs  contain  a  brief  statement  of  the  results  of  some  of  the  more 
important  of  recent  investigations  bearing  upon  the  subject  of  the  ** Optical  Anomalies"  of 
cryistals.  It  will  be  seen  that  the  main  pomt  at  issue  is  as  to  the  true  explanation  of  tho 
phenomena  of  double-refraction,  observea  in  many  crystallized  minerals  of  apparent  iso- 
metric form  (as  garnet,  fluorite,  boracite,  analcite,  etc.  \  and  analogous  variations  from  tho 
theoretical  optical  character  in  crystals  apparently  tetragonal,  hexagonal,  etc.  (as  vesuvi- 
anite,  zircon,  corundum,  beryl,  etc.).  Are  these  "optical  anomalies  "a  proof  that  the  appa- 
rent symmetry  of  the  observed  form  is  ovlj  pseudo-symmetry,  being  aue  to  the  complex 
twinmng  of  parts  of  lower  grade  of  symmetry  than  that  which  the  crystal  as  a  whole  simu- 
lates? In  otner  words,  do  the  optical  properties  actually  belong  to  the  inherent  molecular 
structure  of  the  parts  of  the  crystal  ?  Or,  does  the  geometrical  form  of  the  whole  really 
represent  the  true  svmmetry  of  the  crystal,  and  are  these  phenomena  (of  double-refraction 
in  isometric  crystals,  for  example)  due  to  secondary  causes,  such  as  internal  tension  pro- 
duced during  the  growth  of  the  crystal,  and  so  on  ? 

In  regard  to  this  subject,  it  may  be  remarked  that  it  is  beyond  question,  on  the  one  hand, 
that  pseud'Hsymmetry  is  to  some  extent  a  law  of  nature,  for  the  crystals  of  many  minerals 
of  unauestioned  orthorhombic  character  simulate  hexagonal  forms  (e.  g.,  aragonile)  ;  on  the 
other  hand,  it  is  equally  certain  that  the  plicnomena  of  double-refraction  may  be  produced 
in  colloid  or  crystalline  isotrope  media  by  a  state  of  tension,  and  similarly  that  uniaxial 
crystals  may  be  made  biaxial  oy  pressure,  and  so  on.  Which  of  these  two  explanations  is 
to'be  applied  in  the  lar^e  number  of  cases  now  under  discussion  cannot  be  regarded  as 
settled,  although  the  writer  inclines  to  the  opinion  that  the  second  explanation,  more  fully 
detailed  later,  will  be  found  to  hold  true  in  the  case  of  the  majority.  This  does  not  seem, 
however,  to  be  the  place  nor  the  time  for  a  full  review  of  the  testimony  which  has  been  ac- 
cumulated on  both  sides  of  the  question.] 

There  are  a  considerable  number  of  minerals,  the  crystals  of  which  exhibit 
optical  phenomena  which  are  not  in  accordance  with  the  apparent  symme- 
try of  the  crystalline  form.  Cases  of  this  kind  were  observed  by  Brewster 
(1815  and  later),  and  investigated  by  him  with  a  remarkable  acuteness  con- 
sidering the  imperfect  instruments  then  available.  For  example,  alum,  anal- 
cite,  boracite,  diamond,  fluorite,  halite  were  shown  by  Brewster  to  exert  an 
effect  on  polarized  light  not  in  accordance  with  their  apparent  isometric 
form.  With  the  improved  methods  and  means  of  investigation  at  the  dis- 
posal of  mineralogists  in  recent  times,  the  list  of  minerals  whose  crystals  ex- 
hibit '^  optical  anomalies  "  has  been  very  largely  increased. 
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In  explanation  of  these  anomalies,  various  hypotheses  hayo  been  advanced. 
Brewsteb  explained  them  in  the  case  of  diamond  as  due  to  local  tension 
connected  with  solid  or  gaseous  inclosures.  In  1841  BiOT  published  hia 
memoir  on  lamellar  polarization  (C.  E.  xii.^^  967  ;  xiii.,  155,  391,  839)^  and 
explained  the  optical  characters  of  the  minerals  named  above,  as  also  the 
tetragonal  apophyllite,  as  due  to  that  cause.  The  idea  advanced  by  him  was 
that  the  crystal  was  made  up  of  thin  lamellae,  which  exerted  on  transmitted 
light  an  effect  analogous  to  that  of  a  bundle  of  parallel  gla^s  plates.  Volgeb 
(1854-5)  attempted  to  show  that  in  the  case  of  boracite  the  anomalous  opti- 
cal properties  were  due  to  the  presence  of  a  doubly-refracting  anisotrope 
mineral,  parisite,  derived  from  alteration  ;  much  later  (1868)  this  view  was 
accepted  by  Des  Oloizeaux.  Marbach  (Pogg.  Ann.,  xciv.,  412,  1855)  dis- 
cussed the  question  more  broadly,  and  concluded  that  the  phenomena  ob- 
served were  due  to  the  presence  m  the  normal  substance  of  aonormal  aniso- 
trope portions,  which  last  owed  their  existence  to  a  tension  produced  at  the 
time  the  crystal  was  formed.  It  was  further  shown  by  von  Reusch  (\h,  exxxii., 
C18, 1867)  that  the  hypothesis  of  Biot  was  not  sufficient  to  explain  tne  observed 
facts  in  the  case  of  alum.  He  also  took  up  the  view  of  Marbach,  and  follow- 
ing out  much  the  same  idea  as  that  of  Marbach,  reached  the  conclusion  that 
the  anisotrope  characters  of  isometric  crystals  were  due  to  the  condition  of 
internal  tension  existing  within  the  crystal.  As  bearing  upon  the  question 
he  proved  by  experiment  that  by  suitable  pressure,  in  the  case  for  example 
of  alum  crystals,  the  double-refraction  could  bo  removed.  The  influence  of 
pressure  in  causing  double  refraction  was  early  investigated  by  F.  E.  Neu- 
mann (Pogg.  Ann.,  liv.,  449,  1841),  and  by  "^Pfaff  (ib.,  cvii.,  333  ;  cviii., 
578,  1859).  The  subject  has  also  been  discussed  by  Hirschwald  (Min. 
Mitth.,  1875,  '.>-27). 

More  roeently  tho  idea  of  internal  molecular  tension  as  a  cause  of  anoma- 
lou3  optical  character  has  been  developed  by  Kloeke,  Jannettaz,  Klein,  Ben 
Saude  and  others,  as  more  particularly  described  later. 

In  1876  Mallard  published  his  most  important  memoir  (Ann.  Min., 
VII.,  X.,  60-196)  upon  this  subject,  in  which  he  not  only  gave  a  very  large 
number  of  new  facts  of  a  similar  nature,  but  also  advanced  a  new  explana- 
tion which  has  been  warmly  accepted  bv  some  mineralogists.  He  regards 
all  the  indications  of  double-refraction  observed  in  apparent  isometric  crys- 
tals, and  analogous  variations  from  the  normal  character  in  crystals  of  otner 
systems,  as  proof  that  the  form  is  only  apparently  isometric,  tetragonal,  and 
so  on  {pseuao-isomeiric,  pseudo-tetragonaly  etc.),  the  union  of  several  indi- 
vidual crystals  giving  rise  to  an  external  form  of  a  higher  grade  of  symmetry 
than  that  which  they  themselves  possess.  On  his  view,  an  apparent  iso- 
metric cube  mav,  in  fact,  bo  a  combination  of  six  uniaxial  crystals  (count- 
ing two  parallel  as  one,  in  fact  only  three  independent),  each  having  the 
form  of  a  square  pyramid,  united  so  that  their  bases  form  the  sides  of  the 
cube,  and  their  vertices  are  combined  at  the  centre.  Again,  an  apparent 
regular  octahedron  may  be  made  up  of  eight  uniaxial  triangular  pyramids, 
similarly  placed  ;  a  dodecahedron  of  twelve  rhombic  pyramids  (boracite),  or 
perhaps  oi  forty-eight  triclinic  triangular  pyramids,  tne  bases  of  four  com- 
bining to  form  a  rhombic  face.  In  most  oi  these  cases  the  optic  axis  coin- 
cides with  the  axis  of  the  pyramid. 

Mallard  thus  includes  among  pseudo -isometric  species  :  alum,  analcite, 
boracite,  fiuorite,  garnet,  senarmontite  ;  among  pseudo-tetragonal  species ; 
apophyllite,  mellite,  octahedrite,  rutile,  vesuvianite,  zircon  ;  among  pseudo^ 
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hescagonal  species :  apatite,  beryl,  corundum,  penninite,  ripidolite,  tourma- 
liue  ;  pseudo-orthorhombic  species  :  barmotome,  topaz  ;  pseudo-monoclinic : 
ortboclase. 

Many  observations  similar  to  those  of  Mallard  have  been  made  bv  Beb- 
TBAND  (in  Bull.  Soc.  Min.,  1878-1882),  who  applies  the  same  method  of 
explanation  to  them.  For  explanation,  Bertrand  has  described  crystals  of 
garnet  which  were  biaxial,  with  an  angle  of  about  00° ;  a  hexoctahedron 
being  made  up,  in  his  view,  of  forty-eight  triangular  pyramids,  four  to  each 
pseudo-rhombic  pyramid.  Each  pyramid  is  biaxial,  with  the  acute  negative 
bisectrix  nearly  normal  to  the  base,  and  the  axial  plane  coincides  with  the 
direction  of  tne  longer  diameter  of  the  rhombic  face.  Further,  apparent 
tetrahedral  crystals  of  romeite  are  regarded  as  formed  of  four  rhombohedrons 
of  120°,  placed  with  their  vertices  at  a  common  point.  Also  in  the  case  of 
romeite  the  octahedrons  are,  in  his  view,  formed  by  the  grouping  of  eight 
rhombohedral  crystals  of  90°  about  a  central  point.  "  The  above  will  serve  as 
illustrations.  Bertrand  has  extended  his '  observations  over  a  considerable 
number  of  species,  and  the  explanation  given  by  Mallard  of  the  optical  phe- 
nomena just  described  is  strongly  supported  by  him,  as  against  the  Mar- 
bach-Reusch  theory  of  molecular  tension,  more  minutely  described  below. 
Bertrand  urges  (Bull.  Soc.  Min.,  v.,  3,  1882)  that  a  true  doubly-refracting 
crystal,  whether  simple  or  a  complex  twin,  can  always  be  distinguished  from 
a  crystal  normally  isotrope,  but  modified  through  internal  tension  or  any 
other  cause.  The  difference,  he  states,  is  to  be  seen  in  parallel  polarized 
liffht,  where  the  former  will  show  a  distinctness  and  uniformity  of  character 
which  does  not  belong  to  the  latter  ;  still  more  clearly  in  converging  light, 
where  the  truly  doubly-refracting  crystal  shows  throughout  the  same  char- 
acters, each  fragment  into  which  the  section  may  be  broken  giving  the  iden- 
tical uniaxial  or  biaxial  figures  with  the  whole  ;  on  the  other  hand,  this  can- 
not be  true  of  the  different  parts  of  a  crystal  made  doubly-refracting  through 
<^ome  caus3,  as  contraction,  and  so  on.  As  illustrations  of  these  facts,  he 
appeals  to  boracite,  garnet,  pharmacosiderite,  etc.,  stating  that,  as  the  re- 
sult of  his  observations,  they  fall  into  the  former  class.  He  speaks  further  of 
octahedrons  of  boracite  formed  of  twelve  biaxial  crystals,  and  of  romeite 
formed  of  eight  uniaxial  crystals,  as  showing  that  the  internal  structure  is 
independent  of  the  external  form  ;  as  bearing  further  upon  this  point,  it  is 
stated  that  the  imperfect  crystals  of  the  garnet  rock  of  Jordansmiihl  show 
the  same  twinning  of  biaxial  individuals  as  do  isolated  crystals  of  garnet, 
whose  external  form  is  complete.  But  reference  must  be  made  to  the  obser- 
vations alluded  to  beyond,  which  do  not  entirely  support  the  conclusions  of 
Bertrand. 

This  subject  has  been  discussed  by  Grattarola,  who  includes  calcite, 
quartz,  nephelite,  barite,  etc.,  in  the  list  of  species  which  have  an  apparent 
symmetiy  nigher  than  that  which  really  belongs  to  them ;  his  conclusions, 
however,  are  not  based  upon  observations  (Dell'  unitd  cristallonomica  in 
Mineralogia,  Florence,  1877). 

In  many  other  cases,  besides  those  mentioned  above,  observers  have,  on  the 
basis  of  variation  in  angles,  or  of  optical  characters,  readied  the  conclusion 
that  the  species  in  question  really  belongs  to  a  system  of  lower  symmetry  than 
that  to  which  it  has  been  ordinarily  referred.  For  example,  seeDes  Cloizeaux 
on  microcline  and  milarite  ;  Eumpf  on  apophyllite  (Min.  Petr.  Mitth.,  ii., 
369)^  Becke  on  chabazite  (ib.,  li.,  301),  and  hessitc  (ib.,  iii.,  301): 
Schrauf  on  brookite  (Ber.  Ak.  Wien,  Ixxiv.,  536  and  Z.  Kryst.,  i.,  274)  and 
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other  species ;  Brezina  on  autunite  (Z.  Kryst.,  iii.,  273);  Tsehermak  on  the 
micas  (Z.  Kryst,  ii.,  14)  and  corundum  (Min.  Petr.  Mitth.,  ii.,  362)  ;  and 
many  other  cases.  These  last  named  observations,  however,  do  not  gcneral.y 
admit  of  being  explained  on  the  hypothesis  of  Mallard.  In  many  of  them  the 
conclusions  reached  are  bevond  doubt  correct,  in  others  the  question  must  be 
regarded  as  still  undecided. 

TscHERMAK  proposes  the  term  mimetic  for  those  forms  ("mimetische  For- 
men"), which  imitate  a  higher  grade  of  symmetry  by  the  grouping  (twinning) 
of  individuals  of  a  lower  grade  of  symmetry,  as  for  example,  aragonitc  ;  also, 
chabazite,  which,  according  to  Becke,  is  apparently  rhombohedral,  but,  in 
fact,  formed  by  a  complex  twinning  of  triclinic  individuals  (this  conclusion, 
however,  is  not  universally  accepted).  He  also  uses  the  term  psendo-sym- 
metry  to  describe  the  phenomena  in  general  (ZS,  O.  Ges.,  xxxi.,  Cb7, 1879,  and 
Lehrb.  Min.,  p.  89  et  seq.,  1881). 

The  explanation  of  the  optical  phenomena  referred  to  above,  which  was 
presented  by  Marbach  and  later  developed  by  Reusch,  has  been  recently  still 
further  elaborated  by  Klocke  (J.  Min.,  1880,  i.,  63,  158),  Klein,  Jannettaz, 
Ben  Saude.  Klooke's  first  observations  were  made  upon  artificial  cr}'8tals  of 
alum.  He  found  that  each  crystal  (contrary  to  earlier  statements)  showed 
doubly  refracting  properties  as  strongly  normal  to  an  octahedral  plane  as  in 
other  directions.  A  section  parallel  to  this  plane  was  divided  into  six  sectors 
by  radial  lines  passing  from  the  angles  to  the  centre  ;  the  directions  of  extinc- 
tion in  each  sector  being  ||  (parallel)  and  _L  (perpendicular)  to  its  outer  edge, 
these  directions  consequently  coinciding  for  each  pair  of  opposite  sectors. 
These  sectors  behaved  as  if  made  up  of  oands  in  a  state  of  tension  parallel  to 
their  longer  direction  ;  a  similar  result  was  obtained  by  subjecting  a  six-sided 
octahedral  and  isotropo  alum  section  to  pressure  perpendicular  to  two  of  its 
edges.  He  found  further  that  all  the  sections  of  tlie  same  crystal,  independ- 
ent of  the  crystallographic  orientation,  were  alike  as  regards  the  direction  of 
the  tension,  and  that  all  crystals  made  at  the  same  time,  that  is,  under  the 
same  conditions,  yielded  identical  results  ;  but  this  was  not  true  of  crystals 
made  at  different  times.  Further  it  was  found  that  the  distortion  peculiar  to 
the  crystal  exerted  an  essential  effect  upon  the  number  and  arrangement  of 
the  optical  sectors,  and  that  the  position  which  the  crystal  occupied  in  the 
vessel  during  its  formation  was  also  an  important  factor. 

Jjater  the  same  author  (J.  Min.,  1881,  li.,  249)  has  extended  his  obser\'a- 
tions  to  Eome  of  the  species  exhibiting  pseudo-symmetry.  He  shows,  among 
other  results,  that  pressui'e  exerted  normal  to  the  vertical  axis  of  a  section  of  a 
tetragonal  or  hexagonal  crystal  which  has  been  cut  J_  c  (vert. ),  changes  the  uni- 
axial interference  figure  into  a  biaxial,  and  with  substances  optically  positive, 
the  plane  of  the  optic  axes  is  parallel,  and  with  negative  substances  normal, 
to  the  direction  of  pressure.  This  was  observed  on  sections  of  vesuvianite 
and  apophyllite  which  exhibited  uniaxial  portions.  Many  sections  are  divided 
into  four  optical  fields  (biaxial)  with  the  axial  plans  perpendicular  to  the 
edge.  The  behavior  of  each  field  in  a  section  of  apophyllite  consequently  is 
(optically  +  ?  see  above)  as  if  in  a  state  of  tension  parallel  to  the  adjacent  com- 
bination-edge with  the  prism;  but  with  vesuvianite  (optically  — )  the  direc- 
tion of  tension  is  perpendicular.  This  explanation  is  supported  by  the  fact 
that  pressure  exerted  in  the  proper  direction  serves,  in  accordance  with  the 
above  principles,  respectively  to  increase  or  diminish  the  axial  angle.  The 
author  also  succeeded  in  obtaining  axial  interference  figures  visible  in  con- 
verging polarized  light  in  gelatine  sections  when  under  pressure ;  the  same 
phenomenon  in  parallel  light  had  been  earlier  observed. 
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On  the  observations  of  Jann"ettaz,  showing  the  effect  of  internal  tension 
in  causing  double-refraction,  see  Bull.  Soc.  Min.,  ii.,  124;  ii.,  191 ;  iii,  20. 

The  results  of  the  observations  of  Klein  (J.  Min,,  1880,  ii.,  209  ;  1881, 
i.,  239)  on  boracite  have  an  important  bearing  upon  this  subject.  As  stated 
above,  it  is  included  by  Mallard  among  the  pseudo-isometric  species.  Busing 
his  results  more  especially  upon  the  examination  of  crystals  of  dodecahedral 
habit,  Mallard  concluded  that  the  apparent  simple  form  is  made  up  of  twelve 
rhombic  pyramids  whose  basal  planes  form  the  twelve  faces  of  the  dodecahe- 
dron. Baumhauer,  on  the  basis  of  results  of  etching  experiments,  more  par- 
ticularly on  crystals  of  octahedral  habit,  concluded  tliat  the  species  was  or- 
thorhombic,  the  apparent  simple  form  being  made  up  of  six  individuals  whoso 
bases  would  coincide  with  the  cubic  planes  (p.  187).  The  observations  of 
Klein  show  that  the  structure  of  the  crystals  of  different  habits  vary — ^some 
agreeing  with  the  scheme  of  Mallard— some  with  that  of  Baumhauer ;  he 
shows,  however,  very  conclusively  (as  it  seems  to  the  writer)  that  this  appa- 
rently complicated  structure  is  probably  due  to  internal  tension  produced 
during  the  growth  of  the  crystals.  Crystallographically  there  is  no  variation 
in  angle  from  the  requirements  of  the  isometric  system  to  be  observed.  In 
regard  to  the  optical  characters,  he  shows  that  the  interior  optical  structure 
does  not  correspond  to  the  exterior  planes ;  that  the  etching  figures  do  not 
correspond  to  the  optical  limits ;  that  a  change  of  temperature  alters  the 
relative  position  of  the  optical  fields  without  influencing  the  form  of  the 
etching  figures ;  that  the  differently  orientired  optical  portions  lose  their 
sharp  limits,  they  change  their  position  relatively,  some  disappearing  in  part 
or  whole,  and  others  appearinff.*  Klein  has  also  made  a  series  of  optical 
studies  on  garnet  (Nachr.  Ges.  Wiss.  Gottingen,  June  28,  1882),  and  after  a 
review  of  the  whole  subject  decides  in  favor  of  the  true  isometric  character  of 
the  species  ;  the  double-refraction  phenomena  observed  being  due  to  secondary 
causes. 

Ben  Saude  (J.  Min.,  1882,  i.,  41)  has  investigated  analcite,  and  arrived  at 
the  conclusion  that  with  it  also  the  abnormal  optical  characters  are  to  be  ex- 
plained by  internal  molecular  tension.  He  shows  that  the  crystals  are  formed 
of  different  optical  parts,  in  combinations  of  30  with  the  cube  and  trapezo- 
hedron  together,  and  24  for  the  trapezohedi'on  alone,  the  form  of  which 
changes  as  the  outer  surfaces  of  the  crystals  change.  The  structure  can  be 
explained  in  this  way,  as  made  up  of  pyramids  going  from  each  plane  to  the 
middle  of  the  crystal  having  the  plane  as  its  base,  with  as  many  sides  as  there 
are  edges  to  the  plane;  as  the  outer  form  changes  the  optical  stnicture 
changes  correspondingly  ;  every  edffe  corresponds  to  an  optical  boundary,  and 
every  plane  to  an  optical  field.  All  these  double-refraction  phenomena  are 
explained  as  due  to  secondary  causes.  Moreover,  the  author  has  proved  that 
gelatine  cast  into  the  form  oi  the  natural  crystals  has  on  solidifying  an  analo- 

*A  memoir  by  Mallard  (Bull.  Soc.  Min.,  v.,  144,  1882)  upon  the  effect  of  heat  upon  bo- 
racite crystals  was  received  just  as  these  pages  were  going  to  press.  Mallard  details  the 
results  of  numerous  experiments,  and  concludes  that  the  effect  of  heat  does  not  modify  the 
form  of  the  ellipsoid  of  elasticity,  nor  the  position  of  the  six  different  orientations  which  it 
can  have  ;  it  only  modifies  the  choice  made  by  each  of  the  crystal  sections  between  the  six 
orientations.  Prom  this  it  is  concluded  that  this  ellipsoid  is  in  fact  characteristic  of  the 
crystalline  reseau  of  the  species,  and  that  the  apparent  isometric  symmetry  is  due  to  the 
method  of  grouping  alluded  to.  Analogous  results  were  obtained  with  crystals  of  potas- 
sium sulphate  (orthorhombic,  pseudo-hexagonal  like  aragonite),  and  the  conclusion  is  drawn 
from  this  that  a  perfect  analogy  exists  between  the  so-called  pseudo-isometric  crystals  and 
the  pseudo- hexagonal. 
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gons  optical  structure,  showing  the  same  sections,  the  same  directions  of  light- 
extinction,  and  under  favoring  conditions  the  same  position  of  the  optic  axes. 
Ben  Saude  has  also  examined  perofskite  (Gekronte  Preisschrift  der  TJniversitat 
Gottingen,  1882)  from  the  same  standpoint,  with  reference  to  the  etching- 
figures  and  optical  phenomena.  Ho  concludes  that  it  is  to  be  referred  to  the 
isometric  system,  and  that  the  double  refraction  is  to  bo  explained  as  caused 
by  changes  in  the  original  position  of  equilibrium  produced  in  the  growth  of 
the  crystals.  This  conclusion,  hc^TTcver,  is  at  varianco  with  tho  results  of 
the  observations  of  others. 
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CHEMICAL  MINERALOGY. 


MiNEBALS  are  either  the  uncombined  elements  in  a  native  state,  or  com 
poniids  of  these  elements  formed  in  accordance  with  chemical  laws.  It  is 
the  object  of  Chemical  Mineralogy  to  determine  the  chemical  composition 
of  each  species  ;  to  show  the  chemical  relations  of  different  species  to  each 
other  where  such  exist ;  and  also  to  explain  the  methods  of  distinguishing 
different  minerals  b;  chemical  means.  It  thus  embittces  the  most  import- 
ant part  of  Determinative  Mineralogy. 


GhEMIOAL  CoNSTmiTION  OF  MiNEBALS. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some 
knowledge  of  the  fundamental  principles  of  Chemical  Philosophy  is 
required  ;  and  these  are  here  briefly  recapitulated. 

Chemical  elements. — Chemistry  recognizes  sixty-four  substances  which 
cannot  be  decomposed,  or  divided  into  others,  by  any  processes  at  present 
known ;  these  substances  are  called  the  chemical  elements.  Of  these 
oxygen,  hydrogen,  and  nitrogen  are  fixed  gases;  chlorine  and  fluorine  are 
generally  gases,  but  may  be  condensed  to  the  liquid  state ;  biiomine  is  a 
volatile  liquid ;  and  the  rest,  under  ordinary  conditions,  quicksilver  excepted, 
ai-e  solids.  Of  these  last  carbon,  phosphorus,  arsenic,  sulphur,  boron,  (tel- 
lurinni),  selenium,  iodine,  silicon,  generally  rank  as  non-metallic  elements, 
and  the  others  as  metallic.^ 

Mohoules  /  Atoms. — By  a  moleGule  is  understood  the  smallest  portion  of  a 
substance  which  possesses  all  the  properties  of  the  matter  itself ;  it  is  the 
smallest  division  into  which  the  substance  can  be  divided  without  loss  or 
change  of  character.  The  molecule  of  water  is  the  smallest  conceivable 
particle  which  can  exist  alone,  and  which  has  all  the  properties  of  water. 
An  atom  is  the  smallest  mass  of  each  element  which  entei*s  into  combina- 
tion with  others  U)  form  the  molecule.  Thus  two  cheraiml  units,  or  atoms, 
of  hydrogen  unite  with  one  atom  of  oxygen  to  form  the  jphysical  unit,  or 
molecule,  of  water. 

Atomic  weights. — ^The  relative  weights  of  the  chemical  units,  or  atoms, 
of  the  different  elements  are  their  atomic  weights.     For  the  sake  of  uni- 

*  Recent  investigations  haye  added  a  considerable  number  of  supposed  new  elements 
to  the  list  on  the  foUowing  page. 
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formity  the  atom  of  hydrogen,  the  lightest  of  all  the  elements,  has  been 
adopted  as  the  standard  or  unit.  The  absolute  weight  of  the  atoms  cannot 
be  determined  ;  but  their  relative  weight  can  in  many  cases  be  fixed  beyond 
question.  When  the  elements  are  gases,  or  form  gaseous  compounds,  tho 
atomic  weights  are  determined  directly.  Thus  in  hydrochloric  acid  gaa 
there  are  equal  volumes  of  hydrogen  and  chlorine,  or,  chemically  expressed, 
one  atom  of  hydrogen  combines  with  one  atom  of  chlorine ;  by  analysis  it 
is  found  that  in  100  parts  there  arc  2*74  by  weight  of  hydrogen,  and  9726 
of  chlorine  ;  hence  if  hydrogen  be  taken  as  the  unit,  tlie  atomic  w-eight  of 
chlorine  is  35*5,  since  2-94  :  97-26  =  1  :  36-6. 

Whei'e  the  elements,  or  their  compounds,  are  not  gases,  the  atomic  weights 
are  determined  more  or  less  indirectly,  and  are  sometimes  not  entirely  ii*ee 
from  doubt.  The  analysis  of  rock-salt  gives  us,  in  100  parts,  60*68  parts  of 
chlorine,  and  39*32  parts  of  sodium  ;  now  if,  as  is  believed,  the  number  of 
units  of  each  element  involved  is  the  same,  or  in  other  words,  if  the  mole- 
cule consists  of  one  atom  each  of  chlorine  and  sodium,  then  the  atomic 
weights  will  be  as  6068  :  39*32 ;  or  36'5  :  23, since  that  of  chlorine  =  35*5. 
Hence  the  atomic  weight  of  sodium  is  23,  when  referred,  like  chlorine,  to 
that  of  hydrogen  as  tne  unit.  There  is  an  assumption  in  such  cases  as  tc 
the  number  or  units  of  each  element  involved  whicli  mav  introduce  doubt, 
so  that  other  methods  are  applied  which  need  not  be  here  detailed. 

The  f ol  lowing  table  gives  the  atomic  weights  of  the  elements.  The  symbols 
used  to  represent  an  atom  of  each  element  are  shown  in  the  table  ;  in  most 
cases  they  are  the  initial  letter  or  letters  of  the  Latin  name.  When  more  than 
one  atom  is  involved  in  the  formation  of  a  compound,  it  is  indicated  by  a 
small  index  number  placed  below,  to  the  right :  as  Sb208,  which  signifies  2 
of  antimony  to  3  of  oxygen.  The  quantity  by  weight  of  any  element  enter- 
ing into  a  compound  is  always  expressed  either  by  the  atomic  weight  or 
some  multiple  of  it ;  hence  the  atomic  weights  are  stiictly  the  commning 
weights  of  tiie  different  elements. 


Atomic  Weights, 


Aluminum 

Al 

27-3 

Cobalt 

Co 

59 

Antimonj 

Sb 

122 

Columbium  (Niobium) 

Cb    (Nb) 

94 

Arsenio 

As 

75 

Copper 

Cu 

63-4 

Barium 

Ba 

137 

Didymium* 

D 

96-5 

Bismuth 

Bi 

208 

Erbium 

E 

112-6 

Boron 

B 

11 

Fluorine 

F 

19 

Bromine 

Br 

80 

GaUium 

Ga 

69-8 

Cadmium 

Cd 

112 

Glucinum  (Beiylliiun) 

G    (Be) 

9 

CsBsium 

Cs 

133 

Gold 

An 

196 

Calcium 

Ca 

40 

Hydrogen 

H 

1 

Carbon 

C 

12 

Indium 

In 

118-4 

Cerium* 

Co 

92 

Iodine 

I 

127 

Clilorine 

CI 

35-5 

Iridium 

Ir 

198 

Chromium 

Cr 

52 

Iron 

Fe 

56 

*  By  the  detennination  of  the  spedfio  heats  of  oerinm,  didymium,  and  lanthanum,  Dr. 
HiUebrand  has  shown  recently  that  the  oxides  of  the  three  metals  are  sesguioxideH  (Ce«Oa, 
DifOa,  La^Os),  and  corresponding  to  them  the  atomic  weights  shonld  be  Ce  =  188,  Si  s 
144-8,  La  =  139.     (Pogg.  Ann.,  dviii,  71,  1876.) 
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MiH. 

IWrt 

yiATithn.«ii^ 

La 

98  5 

Selenium 

Be 

79 

Lead 

Pb 

207 

Silver 

Ag 

108 

Lithiam 

Li 

7 

Silicon 

Si 

28 

Magnesiain 

Mg 

24 

Sodium 

Na 

23 

Manganese 

Mn 

5i> 

Strontium 

Sr 

88 

Mercury 

Hg 

200 

Sulphur 

S 

»2 

Molybdenom 

Mo 

OG 

Tantalum 

Ta 

182 

Nickel 

Ni 

fi» 

Tellurium 

Te 

128 

Nitrogen 

N 

U 

Thallium 

Ti 

204 

OBmium 

Os 

200 

Thorium 

Th 

281 

Oxygen 

0 

16 

Tin 

8n 

118 

Palladium 

Pd 

106 

Titanium 

Ti 

60 

Phosphoraa 

P 

81 

Tungsten 

W 

184 

Platinum 

Pt 

198 

Uranium 

U 

240 

Potassium 

K 

89 

Vanadium 

V 

51-4 

Rhodium 

Ro 

104 

Yttrium 

Y 

61-7 

Rubidium 

Rb 

85-4 

Zino 

Zn 

65 

Ruthenium 

Rq 

104 

Zirconium 

Zr 

90 

Atomicity  /  Quantivalence, — The  combining  power  of  each  element  is 
measured  by  the  number  of  hydrogen  atoms  with  whicli  it  combines  in 
forming  a  chemical  compound.  In  hydrochloric  acid  (UCl),  one  atom  of 
hydrogen  combines  with  one  of  chlorine ;  in  water  (H2O),  two  atoms  of 
hydrogen  combine  with  one  of  oxygen  ;  in  ammonia  (HjN),  three  atoms  of 
hydix>gen  combine  with  one  of  nitrogen ;  and  in  marsh  gas  (H4C),  four 
atoms  of  hydrogen  are  required  to  enter  into  combination  with  one  carbon 
atom. 

I3y  the  examination  of  compounds  of  all  the  elements  we  are  able  to  fix 
the  combining  power,  or  qtiantivdlence^  of  each,  expressed  in  hydrogen 
units.  All  those  elements  which  combine  with  one  atom  of  hydrogen,  or 
an  element  which  (like  chlorine)  has  the  same  quantivalence,  are  called 
monad^f ;  those  which  require  two  of  hydrogen,  or  two  other  monad  atoms, 
in  forming  the  compound,  are  called  dyads  ;  those  uniting  with  three  atoms 
(')f  hydrogen  are  called  triads  ;  and  similarly  tetrads^ pentads^  hexads^  and 
heptads. 

The  adjective  terms  univalent^  bivalent^  trivalent,  quadrivalent^  etc.,  are 
also  employed  with  similar  meaning.  Atoms  having  the  same  degree  of 
quantivalence  are  said  to  be  equivalent ;  this  is  true  of  Na  and  K,  both 
monads,  and  they  may  replace  each  other  in  similar  compounds ;  but  it 
requires  two  sodium  atoms  to  be  equivalent  to  one  calcium  atom,  since  the 
latter  is  a  dyad. 

Tlie  degiee  of  quantivalence  may  vary  for  many  of  the  elements  in 
different  compounas;  for  example,  in  FeO  or  FeS,  iron  (Fe)  is  bivalent, 
since  it  satisfies  or  is  combined  with  simply  a  dyad ;  in  FeS^,  it  is  quadri- 
valent, since  it  is  united  to  two  atoms  of  a  dyad ;  and,  similarly,  in  [FeJOj 
it  is  sexivalent  (for  the  double  atom). 

Perissadsj  Artiads. — Those  elements  whose  atoms  have  an  odd  quanti- 
valence (I,  III,  V,  or  VII),  are  nMed  perissads  /  those  whose  quantivalence 
is  even  (11,  IV,  VI)  are  called  artiads.  These  terms,  perissad  and  artiad, 
are  derived  from  '/repuro'o^  and  aprio^^  the  words  for  odd  and  even  in 
ancient  arithmetic  The  following  table  gives  the  division  of  the  ele^ 
ments  into  these  two  classes,  and  shows,  also,  the  quantivalence  of  each  el» 
ment:  ^^ 
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PERTBSADa 

Mcnad%: — 
Hydrogen. 

Flaorine.  

Chlorine,  T,  HI,  V,  VII. 

Bromine,  I,  lU,  V,  VU. 

lodino,  I,  m,  V,  VIL 


Abtiaos. 


Lithium. 

Sodium, 

Potassium, 

Hubtdium. 

OsBfiium. 


I,  ni. 
I,  in,  V. 


SilTer,  I,  m. 

Thallium,  I,  UL 

TriatU  .•— 

Nitrogen,  I,  III,  V. 

Phoephorua  I,  III,  V. 

Arsenio,  I,  III,  V. 

Antimony,  III,  V. 

Bismuth,  III,  V. 


DyadB: — 
Oxygen. 

Sulphur,  n,  rV,  VL 
Selenium,  II,  IV,  VL 
Tellurium,  II,  IV,  VI. 

Calcium,  II,  IV. 
Strontium,  II,  IV. 
Barium,       II,  IV. 


lum. 
Zino. 
Cadmium. 

Gluoinum. 

Yttrium. 

Cerium. 

Lanthanum. 

Didymium. 

Erbium. 

Mercury   [Hgj",  IL 

Copper     [Out]",  IL 


Tetrads  :— 
Carbon, 
Silicon. 
Titanium, 
Tin, 

Thorium, 
Zirconium. 

Platinum, 
Palladium, 

Lead, 

Indium. 


HIV. 

n,  IV. 
n,  IV. 


II,  IV. 

n,  IV. 
HIV. 


Hexads : — 

Molybdenum,  II,  TV,  VI. 

Tungsten,  IV,  VL 

Ruthenium,  II,  IV,  VL 

Rhodium,  II,  IV,  VL 

Iridium,  II,  IV,  VL 

Osmium,  II,  IV,  VI. 


Aluminum, 

IV, 

[Ai.r\ 

Chromium, 

n. 

IV, 

VL 

Manganese, 

II, 

rv, 

VL 

Iron, 

II. 

IV, 

VL 

Cobalt, 

II, 

IV. 

Nickel, 

n. 

IV. 

Uranium, 

n, 

IV. 

Boron. 

Gold,  I,  in. 

Pentads : — 

Columbium. 
Tantalum. 

Vanadium,         in,  V. 

The  general  divisions  of  chemical  compounds  now  accepted  are  as  fol- 
lows. 

1.  JSifiaries,  where  the  atoms  are  directly  united.  Examples  are  given 
by  the  compounds  of  a  positive  (basic)  element  with  oxygen  (NaaO,  CaO, 
CO2),  called  oxides ;  those  with  sulphur,  chlorine,  bromine,  iodine,  etc., 
called  aulphideSy  cMorideSj  etc.  Binary  compounds  of  a  negative  element 
with  hydrogen  (as  HCl,  BLBr)  form  acids. 

2.  Ternainea^  where  the  atoms  are  united  by  means  of  a  third  atom,  as 
oxygen,  sulphur,  etc.,  as  CaS04,  MgjSi04,  etc. 

Among  minerals  there  are  three  classes  of  compounds :  (1)  The  Native 
Elements  ;  (2)  Binary  compounds,  including  the  sui^hides^  oxides^  chZorides^ 
iodides^  fluorides  ;  (3)  Ternary  compounds,  iucluaing  sulph-arseniteSy  etc, 
hydrates  (hydrated  oxides),  siticateSy  mostly  salts  of  the  acids  1148104  and 
HjSiOs,  tantalates,  colnmbates,  phosphates,  arsenates,  sulphates,  cliromates, 
carbonates,  etc.  The  full  enumeration  of  these  compounds,  with  their  gen- 
eral chemical  formulas,  are  given  in  the  synopsis  which  precedes  the 
Descriptive  Mineralogy. 

TJie  position  of  water  in  the  composition  of  minerals. — Many  minerals 
lose  water,  especially  upon  the  application  of  heat.  With  some  of  these  it 
is  given  off  up<:»n  mere  exposure  to  dry  air  at  ordinary  temperature,  and 
such  crystals  are  said  to  effloresce /  others  lose  water  when  they  are  placed 
in  a  desK'-cator  over  sulphuric  acid,  or  when  they  are  subjected  to  a  slightlj 
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elevated  temperature ;  with  others,  again,  a  greater  heat  is  required ;  and 
with  a  few  silicates  water  is  yielded  only  upon  long  continned  heating  at  a 
veiT  high  temperature.  Tt  is  evidently  possible  that  cither,  (1)  the  mineral 
contains  water  as  such,  or  (2)  the  water  is  formed  by  the  process  of  decom- 
position caused  by  the  application  of  heat.  In  the  cases  first  mentioned, 
where  water  is  readily  given  off,  it  is  believed  that  the  water  actually  exists 
as  such  in  the  compound.  It  is  found  that  many  salts  take  up  water  when 
they  crystallize,  and  in  some  cases  the  amount  of  water  depends  upon  the 
temperature  at  which  the  salt  is  formed ;  this  water  is  called  water  of 
crystaUization,  For  example:  manganous  sulphate  has  three  definite 
amounts  of  this  water  of  crystallization,  according  to  the  temperature  at 
which  it  has  been  formed.  tVhen  ciystallized  below  7°,  its  composition  is 
MnS04+7H20;  between  7°  and  20%  MnS04+5H20;  and  between  20^ 
and30%MnbO4+4H2O. 

In  those  cases  whore  a  very  high  temperature  is  required  to  make  a  loss 
of  water,  it  is  quite  certain  the  water  has  no  place  as  sucli  in  the  original 
constitution,  but,  on  the  contrary,  that  the  mineral  contains  basic  hydrogen,  > 
replacing  the  other  basic  elements.  In  some  cases,  where  part  of  the  water 
is  yielded  at  a  low  and  the  rest  at  a  very  high  temperature,  this  shows  that 
a  difference  exists  in  regard  to  the  part  wliich  the  water  plays  in  the  two 
cases  ;  for  example,  crystallized  sodium  phosphate  yields  readily  24  equiva- 
lents of  water,  while  the  remaining  1'  molecule  is  given  off  only  at  a  tem- 
1>erature  between  300°  and  400° ;  from  this  it  is  concluded  that  in  the 
atter  case  the  elements  forming  the  water  exist  actually  in  the  salt,  and 
that  itii  composition  is : 

n,N"a4Pa08  +  24aq. 

The  part  played  by  the  water  in  the  silicates  is  in  most  cases  still  unde- 
cided, though  in  many  species  the  hydrogen  is  undoubtedly  basic.  The 
latter  is  doubtless  true  of  many  of  the  so-called  hydrous  silicates.  The  views 
commonly  held  in  regard  to  them  will  be  gathered  from  the  descriptive  part 
of  this  work. 

Chemical  formul/is  for  minerals. — A  chemical  formula  expresses  the 
relative  amounts  of  the  different  elements  present  in  the  compound,  in 
terms  of  their  atomic  weights — or,  in  other  words,  more  strictly  the  number 
of  atoms  of  each  element  in  a  given  molecule  with  or  without  tiie  expression 
of  their  probable  grouping. 

Empirical  formvlaH  simply  state  in  the  briefest  form  the  result  of  the 
analysis,  giving  the  number  of  atoms  of  each  element  present  without  any 
theoretica'  "x>nsiderations.  For  example,  the  empirical  formula  of  cpidote 
is  RifiAlsC^jUaOjB. 

The  object  of  the  rational  formulas  is  to  express  not  only  the  number  of 
atoms  of  each  element  present,  but  also  their  pi-obable  method  of  grouping, 
and  relation  to  each  other,  in  the  molecule.  These  are  called  typical  for- 
muUu  when  the  attempt  is  made  to  arrange  the  atoms  in  accordance  with  the 
type  of  water,  or  some  other  type. 

in  the  I'ational  formulas  of  the  old  chemistry  the  oxygen  (or  sulphur) 
was  apportioned  to  the  several  elements,  according  to  their  combining 
power,  and  the  basic  and  acid  oxides,  or  sulphides,  thus  obtained  were  writ 
ten  consecutively.    For  example,  the  formula  of  wollastonite  (calcium  sili- 
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cate),  according  to  the  old  dualistic  method,  was  written  CaO,  SiO,,  and 
of  anhydrite  (calcium  sulphate),  CaO,  SOj.  The  principles  of  the  new 
chemistry  have  set  aside  these  rational  fommlas ;  but  as  others  consistent 
with  the  new  principles  now  adopted  have  not  in  all  cases  been  accepted, 
it  is  customary  to  give  the  formulas  of  minerals  empirically.  For  those 
above  the  empirical  formulas  are  CaSiOs  and  CaS04. 

Relation  between  the  old  and  new  systems. — The  points  of  difference 
between  the  old  and  new  chemistry  have  already  been  hinted  at.     The 

Srincipal  changes  which  have  been  introduced  by  the  latter  are :  (1)  The 
oubling  of  all  the  atomic  weights,  except  those  of  the  monad  elements, 
and  also  of  bismuth,  arsenic,  antimony,  nitrogen,  phosphorus,  and  boron, 
whose  oxides  are  now  written  Bi208,  instead  of  BiOs,  etc.  Corresponding 
to  this  change,  binary  compounds  involving  the  monad  elements  are  writ- 
ten :  HgO  instead  of  HO,  NagO  for  NaO,  NagS,  etc.,  also  CaClj  instead  CaCl, 
SlFi  instead  of  SiF2,  and  so  on.  (2)  The  method  of  viewing  the  composi- 
tion of  ternary  compounds — these  being  now  regarded  not  as  compounds 
of  an  oxide  and  a  so-called  acid,  but  as  compounds  for  the  most  part  of 
the  several  elements  concerned,  and  hence  a  metal  in  a  compound  is 
believed  to  be  replaced  by  another  metal,  not  one  oxide  by  another.  Hence 
we  say  calcium  carbonate,  or  carbonate  of  calcium  instead  of  carbonate  of 
lime,  and  write  the  formula  CaCOs,  not  CaO,  CO^ ;  and  so  in  the  other 
cases. 

Replaxsing  power  of  the  different  elements, — It  has  been  mentioned 
that  ttie  replacing  power  of  the  elements  is  in  proportion  to  their  combining 
power,  that  is,  to  their  quaiitivalence.  For  example,  one  atom  of  Mg  or 
of  Ba  may  replace  one  atom  of  Ca,  all  being  dyads  ;  but  two  atoms  of  Na 
(monad)  are  required  to  replace  one  of  Ca ;  similarly  three  dyad  atoms  are 
equivalent,  or  may  replace,  one  hexad  atom,  thus,  3Ca  =  [AI2]. 

The  relation  of  the  different  oxides  may  be  understood  fi-om  the  follow- 
ing scheme,  in  which  the  above  principle  is  made  use  of.  The  line  A 
below  contains  the  different  kinds  of  oxides.  B  the  same  divided  each  by 
its  number  of  atoms  of  oxygen  (that  is,  severally,  for  the  successive  terms, 
by  1,  3,  2,  5,  3,  7,  4),  by  which  division  they  are  reduced  to  the  protoxide 
form.     C  the  basic  elements  alone : 


A 

RO 

R'0» 

R0» 

E?0» 

R0» 

R«0' 

R()* 

J3 

EO 

1^0 

E*0 

R»0 

RtO 

R»0 

R*0 

0 

B 

R> 

R* 

R» 

R* 

R» 

R* 

According  to  the  above  law  the  K,  E.*,  K*,  etc.,  in  the  last  line,  are  mutu- 
ally replaceable,  1  for  1,  though  varying  in  atomic  weight  from  1  to  J. 
They  represent  different  states  in  which  elements  may  exist,  and  have,  to  a 
certain  extent,  independent  element-like  relations.  In  some  cases,  as  in 
iron,  four  of  these  states  are  represented  in  a  single  element,  the  compounds 
(1)  FeO,  FeS,  (2)  Fe'O',  (3)  FeS»,  (4)  FeO»,  containing  this  metal  in  foui 
states  Fe,  Fe«,  Fe*,  Fe». 

The  use  of  the  fractions  can  be  avoided  by  multiplying,  instead  of  divid- 
ing, thus,  Fe*  of  Fe^O*  replaces  Fe  of  FeO,  we  might  have  said,  2Fe  of 
F^O*  replaces  3Fe  of  FeO  (Fe»0»,  Fe»0»),  and  so  for  the  others. 

Those  different  states  of  the  elements  are  best  designated  in  the  symbols 
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by  the  Greek  letters  a,  ^,  etc.,  thus  avoiding  all  ccnf  aeion.    The  above 
liues  A,  B,  C  then  become 


A 

aRO 

3/3RO 

27RO 

5SR0 

8eR0 

7{J10 

417RO 

\l 

aRO 

/SRO 

7RO 

SRO 

«R0 

{RO 

17RO 

i} 

aB 

/8R 

7R 

SR 

eB 

fR 

17R 

By  means  of  this  system  all  the  diffei'ent  oxides  may  be  reduced  to  the 
common  protoxide  form,  and  thus  tlie  true  relations  of  the  silicates  may  be 
clearly  expressed.  This  is  exhibited  in  the  formulas  for  the  silicates  given 
in  DansTs  System  of  Mineralogy  (1868). 

C'alculatio?i  of  a  formula  from,  an  analysis. — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the  ele- 
ments themselves,  or  of  their  oxides  or  other  compounds  obtained  in  the 
chemical  anal3'sis.  In  order  to  obtain  the  atomic  proportions  of  the  ele- 
ments :  Divide  the  percentages  of  the  elements  by  the  respective  A'roiac 
WEIGHTS ;  or,  for  those  of  the  oxides :  Divide  the  percentage  amounts  of 
each  by  their  molecclae  weights  ;  then,  find  the  simplest  ratio  in  whole 
n  ambers  for  tlie  numbers  thus  obtai?ied. 

JCcamples. —  A.n  analysis  of  bournonite  from  Meiseberg  gave  Rammels- 
berg :  Lead  (Pb)  42*88,  copper  (Cu)  13-06,  antimony  (Sb)  24-34:,  and  sul- 
phur (S)  19-76  =  100-04.  Dividing  each  amount  by  its  atomic  weight  we 
obtain : 

42-8^       ^_        13-06       ^.^         24-34       ^,^        19-76       ^,_ 
"207   ='^^^5       e3-T=*^^®>       ■l22-=-21^5      -32- =  -6175. 

The  atomic  ratio  is  hence:— Pb  :  On  :  Sb  :  S  =  '207  :  -206  :  -217  :  -6175; 
that  is,  1005  :  1  :  1-053  :  2*998,  or  in  whole  numbers,  1:1:1:3.  The 
empirical  formula  is  consequently  CuPbSbSs. 

All  analysis  of  epidote  from  U  ntersulzbach  gave  Ludwig : 

SiO,        AlOg        PeOs        FeO        CaO        H,0 

37-83       22-63        15  02        0-93        2327       2-05  =  101-78. 

From  the  results  of  the  analysis  given  in  this  form,  the  percentage 

amount  of  each  element  may  be  calculated  in  the  usual  wav  ;  we  obtain : 

Si  17-65,  A\  1206,  Fe  10-51,  FeO  072,  Ca  1662,  H  0.23,  O  43-64.     The 

number  of  atoms  of  each  element  may  be  calculated  fi-om  the  last  given 

17*65 
percentages  by  dividing  each  by  the  atomic  weight,  that  is  =  -630 

12*06  ' 
for  Si,  —^^r-  =  0*22  for  Al  (=  AI2),  etc.  Or,  the  percentage  amounts  of  each 

oxide  may  be  divided  by  its  molecular  weight,  and  the  result  will  be  the  same ; 

37-83 
for  SiOj,  the  molecular  weight  is  60  (28  +  2x16),  hence,.  =  -630  aa 

22-63 
before ;  also  for  Al,  103  (=  2  x  27-5  +  8  x  16),  and  -j^  =  0-22,  etc      Th« 

atomic  proportions  thus  obtained  are: 
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6i 
0-630 

±\           Fe 
0-220        0-094 

Fe           Ca 
0-013        0-415 

H 
0-230 

2-2 
2 

O 

2-727,01  eimplv 

6 
6 

•314 
2-99 
8 

0-428 

4-07 

4 

25-79,    or  again, 
26. 

The  empirical  formula  is  consequently  Si^AlsCa^H^OjB.  As  in  the  above 
case,  it  is  necessary,  when  very  small  quantities  only  of  certain  elements 
are  present,  to  neglect  them  in  the  final  formula,  reckoning  them  in  with 
the  elements  which  they  replace,  that  is,  with  those  of  the  same  quantiva- 
lence.  The  dem-eeof  correspondence  between  the  analysis  and  the  formula 
deduced,  if  the  latter  is  correctly  assumed,  depends  entirely  upon  die  accuracy 
of  the  former. 

Quuntivalent  Ratio, — In  the  chemical  constitution  of  most  minerals 
there  exists  a  strong  distinction  between  the  basic  and  acidic  elements,  and 
this  relation,  in  the  case  of  substances  of  complex  character,  is  often  fixed 
when  otherwise  the  composition  is  exceedingly  varied.  In  the  dualistic 
formulas  of  the  old  chemistry  this  relation  was  expressed  in  the  "  oxygenr 
ratio^^  which  gave  the  ratio  between  the  number  of  oxygen  atoms  belong- 
ing respectively  to  the  bases,  protoxide  and  sesquioxide,  and  to  the  acid. 
The  expression,  "oxygen-ratio,"  is  not  in  harmony  with  the  piesent  method 
of  viewing  chemical  compounds,  and  the  term  has  consequently  been,  to 
some  extent,  abandoned ;  the  same  relation,  however,  between  the  diffei'ent 
classes  of  elements  still  exists,  but  the  ratio  must  be  regarded  as  that  exist- 
ing between  the  total  quanti valences  of  each  group  of  elements,  and  henu3 
may  be  called  the  Quanti valent  Ratio.* 

The  old  forumla  for  all  the  members  of  the  garnet  family  in  3R,  it,  3Si 

=  3R0,  ftOs,  SSiOj,  and  the  oxygen  ratio  for  R  :  R  :  Si  =  1  :  1  :  2,  or  for 

bases  to  silica,  1  :  1.     Ilere  ll  may  bo  either  Ca,  Mg,  t'e.  Sin,  or  Or,  and  R 

either  Al,  Pe,  Or.  This  formula,  however,  written  according  to  the  new 
system  (the  quantivalence  being  expressed  by  Roman  numerals  over  the 
symbols),  is: 

II    VI  IV      II  II     VI  IV 

RgftSijOa ;  or  RsRlO^SSij, 

to  indicate  that  the  oxygen  is  regarded  as  all  linking  oxygen.  The  ratio 
of  the  total  quantivalences  for  each  class  of  elements,  dyads  and  hexads 
(basic),  and  the  tetrad  silicon  (acidic),  is : — 3  x  II :  VI  :  3  x  IV,  or,  Q.  ratio 
for  R  :  R  :  Sit  =  6  :  6  :  12,  that  is,  1  :  1  :  2. 

The  same  ratio  for  (R+fi) :  Si  =  1  :  1,  both  of  which  are  identical  with 
the  previously  given  oxygen  ratio. 


•  This  relation  was  brought  out  by  Prof.  Dana  in  1867  (Am.  J.  Sci.,  xliv..  89,  252.  308), 
and  it  forms  the  basis  of  aU  the  formulas,  according  to  the  new  system,  in  Daua^s  System  of 
Mineralogy,  1868.  Prof.  Cooke  has  discussed  the  same  subject  (Am.  J.  Rei.,  II..  xlvii..  :*i8n, 
I'^OO),  he  calls  the  ratio,  the  Atomic  Ratio  ;  the  latter  term,  however,  is  generally  UHod  in  n 
different  sense,  henoe  the  expression  Quantivalent  Ratio  employed  here. 

f  Throughout  this  work  tiie  letter  R,  unless  otherwise  Indicated, .  represents  a  bivuletU 
metal,  and  ft  either  Fe,  tU,  -Br,  Mn,  where  the  quantivalence  of  the  double  atom  is  nir.  In 
a  few  oases,  to  indicate  further  relations,  the  sign  of  the  quantivalence  is  somotimec  emnloved 


DIMOBPmfilC — ^IBOMOBPHISM.  199 

Thus  the  oxygen  ratio  of  the  old  system  becomes  the  quantivalent  ratio 
of  the  new,  "a  term,  too,  which  has  a  wider  meaning  ana  bearing  than  that 
which  it  replaces."  This  principle  of  the  ratio  between  the  total  quanti- 
valences  is  an  important  one,  and  fundamental  in  the  character  of  chemical 
compounds.  This  is  well  shown  in  the  example  here  given,  whei-e,  for  a 
family  of  minerals  of  so  varied  composition  as  the  garnets,  it  remains  con- 
stant in  all  varieties.  Its  importance  is  even  more  marked  in  the  many 
silicates  where  S  replaces  3R  (as  in  spodumene  in  the  pyroxene  family). 

The  quantivalent  ratio  is  obtained  by  multiplying  the  quantivalenco  of 
each  class  of  elements  present  by  their  number  of  atoms;  or  by  dividing 
the  percentage  amount  of  each  element  by  the  atomic  weight  and  multiply 
by  its  quantivalence.  When  the  basic  or  acid  oxides  are  given,  divide 
the  percentage  amount  of  each  by  the  molecular  weight,  and  multiply  as 
before  by  the  number  expressing  the  quantivalence,  and  tlie  result  is  the 
total  quantivalence  for  the  given  element 


DiMOBPHisM.    Isomorphism. 

A  chemical  compound,  which  crystallizes  in  two  forms  genetically  dis- 
tinct, is  said  to  be  dimorphous  /  ir  in  three,  trimorpfious^  or  in  general 
pleo7aoipJious.     The  phenomenon  is  called  dimorphism,  or  pleomokphism. 

Ou  the  other  hand,  chemical  compounds,  which  are  of  dissimilar  though 
analogous  composition,  are  said  to  be  isomorphotbs  when  their  crystalline 
forms  are  identical,  or  at  least  very  closely  related  (sometimes  called  homceo- 
morphous).     This  phenomenon  is  called  isomorphism. 

An  example  oi pleornorphism  is  given  by  the  compound  calcium  carbon- 
ate (CaCO^),  which  is  trirnorphous :  appearing  as  calcite,  as  aragonite,  and 
as  baryto-calcite.  As  calcite^  it  crystallizes  in  the  rhombohedral  system, 
and,  unlike  as  its  many  crystalline  fi>rms  are,  they  may  be  all  referred  to 
the  same  f ujidamental  rhombohedron,  and,  what  is  more,  they  have  all  the 
same  cleavage  and  the  same  specific  gravity  (2*7),  and,  of  course,  the  same 
optical  characters.  As  aragonite^  calcium  carbonate  appears  in  orthorhom- 
bic  crystals,  .whose  optical  charactei-s  are  entirely  different  from  those  of 
calcite,  as  will  be  undei-stood  from  the  explanations  made  in  the  preceding 
chapter.  Moreover,  the  specific  gravity  of  aragonite  (2*9)  is  higher  than 
that  of  calcite  (2*7).  Again,  as  baryto-calcite^  calcium  carbonate  crystal- 
lizes in  a  monoclinic  form. 

The  explanation  of  the  phenomenon  of  pleomorphism  in  this  case — and 
an  analogous  explanation  must  answer  for  all  such  cases — is  to  be  found, 
not  as  was  once  proposed  in  a  slight  variation  of  chemical  composition,  but 
in  the  different  conditions  in  which  the  same  compound  has  been  formed. 
Thus  Rose  has  showji  that  the  calcium  carbonate  precipitated  from  a  solu- 
tion by  the  alkaline  carbonates  in  the  cold  has  the  form  of  calcite,  whereas, 
if  the  precipitation  takes  place  at  a  tempei-ature  of  lOO*^  C,  it  takes  the 
fi  irm  of  aragonite.  Moreover,  he  found  that  aragonite  on  heating  fell  to 
powder,  and  though  no  loss  of  weight  took  place,  the  specific  gravity  (2*9) 
became  that  of  calcite  (2*7). 

Many  other  examples  of  pleomorphism  may  be  given  :  Silica  (SiOj)  is 
trimoi-phous ;  appearing  as  guartZy  rhombohedral,  Q  =  2*66 ;  as  tridf/mitSf 
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hexagonal,  G  =  2*3  ;  and  as  aamcmite,  orthorhombic,  G  =  2*24  Titanic 
oxide  (TiOj)  is  also  triraorphous,  the  species  being  called  rutile^  tetragonal 
{c  =  -6442^  G  =  4-25  ;  ootahed/rite  {c  =  1-778),  G  =  3-9 ;  and  brooMU^ 
ortliorhorabic  or  monoclinic,  G  =  4*15.  Carbon  appears  in  two  forms,  in 
diamond  and  graphite.  Other  familiar  examples  are  pjrite  and  marcasite 
(FeSj) ;  acanthite  and  argentite  (Ag2S) ;  sphalerite  and  wui*tzite  (ZnS) ; 
sulphur  natural,  orthorhombic,  if  artificial  and  crystallizing  from  a  molten 
condition,  monoclinic.  The  relation  in  form  of  the  species  mentioned, 
and  also  of  those  of  other  dimorphous  groups,  will  be  found  in  Fai-t  III., 
Descriptive  Mineralogy. 

homorphism  is  well  illustrated  by  the  group  of  rhombohedral  carlx)natc8, 
with  the  general  formula  BCOj.  Here  R  may  be  Ca,  Mg,  Fe,  Mn,  or  Zn ; 
or  further,  in  the  same  species,  the  R  may  be  represented  by  both  Ca  and 
Mg  in  varying  proportions,  as  remarked  on  the  following  page,  or  both  Ca 
and  Fe,  etc.    Ihe  group  is  as  follows : 


Caloite.         Dolomite.         Magneaite.         Bhodochroaite.        Siderite.        Smithfioiiite. 

^UcOs     MgCO,  MnCOs  FeCOj  ZnCO, 


CaCO 


8 


8 


105^  5'      106°  15'        107°  29'  106°  51'         107°  0'  107°  40'. 

Ankerite  (parankerite),  breunerite,  mesitite,  and  pistomesite  belong  to 
the  same  group.  All  the  above  species  have  an  analogous  composition,  and 
all  crystallize  in  the  rhombohedral  system,  the  angle  of  tiie  fundamental 
form  varying  somewhat  in  the  different  cases. 

Mitscherlich,  who,  by  a  series  of  experimental  researches,  established  the 
principle  of  isomorphism,  expressed  it  as  follows :  SubstanceSy  which  are 
analogous  chemical  compoundSj  have  the  same  crystalline  farm^  &r  are 

ISOMOBPUOUS. 

Some  of  the  more  important  isomorphous  groups  are  mentioned  below, 
for  the  description  of  the  different  species  reference  must  be  made  to 
Part  III. 

fsometric  system. — (1)  The  spinel  group,  liaving  the  general  formula 
lltt04,  including  spinel  MgAl04,  magnetite  FeFe04,  chromite  FeOr04,  also 
Eranklinite,  gahnite,  etc.  (2)  The  alum  group,  for  example,  potash-alura 
lv8AlS40,5  4-24aq,  etc.     (3)  The  gaj&net  group,  having  the  general  formula 

Li3-K;Si30i2. 

Tetragonal  system, — Rutilb  group,  ROj;  including  rutile  Ti02,  and  cas- 
diterite  Sn02.  The  soheelite  group  ;  including  scheelite  CaW04,  stolzite 
Pl)W04,  wulfenite  PbM04. 

n^cagon(d  system. — Apatite  group  ;  apatite  3Ca3P20g  +  Ca(Cl,  ¥)^  Pyro- 
snorphite  3Pb8P20g  +  PbCl2,  mimetite  3rh8A6208+PbCl2,  and  vanadinite 
3Pb8V208+PbCl2.  CoBUNDUM  group,  fK).,;  corundum  AlOg,  hematit<3 
FeOg.  menaccanite. 

Rhombohedral  system. — Caloite  group,  RCOg,  already  mentioned. 

OrthorhomMo  system. — Aragonitb  group,  RCOj ;  aragonite  CaCOj, 
witherite  BaCOs,  strontianite  SrCOg,  cerussitePbCOg.  JBabfie  group,  RSO4 ; 
barite  BaS04,  celestite  SrS04,  anhydrite  CaSO^,  anglesite  PbS04.  Chbtso- 
LiTK  group,  general  formula,  R2Si04. 
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Manodinic  system, — Coppebah  group  rmelanterite  PeS04H-7aq;  biebcrito 
CoS04-f7aq,  etc.     Pyroxene  g^ronp,  RSiOj,  etc. 

Monodinic  and  Trvdinic.    jTeldspar  group. 

The  above  enumeration  includes  only  the  more  prominent  amcng  the 
isomorphous  groups.  In  many  other  cases  a  close  relationship  exists  among 
species,  both  in  form  and  composition,  as  brought  out  in  Dana^s  System  of 
Mineralogy  (1854),  and  as  also  to  some  extent  exhibited  in  tlie  grouping  of 
tlie  species  in  the  descriptive  part  of  this  work. 

(1)  It  will  be  observed  in  the  above  that  a  replacement  of  an  element  in  a 
compound  by  one  or  more  other  elements,  chemically  equivalent,  may  take 
place  without  any  essential  change  of  the  crystalline  form.  Besides  this  a 
part  of  one  element  may  be  similairly  replaced.  This  is  illustrated  in  the 
case  of  tlic  rhombohedral  carbonates:  calcite  has  the  composition  CaCOg, 
and  magnesite  MgCOg;  but  in  dolomite  the  place  of  the  basic  element  is 
taken  by  Ca  and  Ms  in  equal  proportions,  so  that  the  fornmla  may  be 
written  (iCa4-iMg)C08,  or  more  properly  CaMgC20e.  But  besides  this 
compound  there  are  others  where  the  ratio  of  Ca  to  Mff  is  3  :  2,  also  2  :  1, 
and  3  :  1,  etc.  Further  than  this  the  Ca  or  Mg  may  be  m  part  replaced  by 
Mn,  Fe,  orZn. 

The  ininei-al  ankerite  is  one  in  which  Ca,  Mg,  Fe  (Mn),  all  enter,  and  in 
different  proportions.  Boricky  has  shown  that  the  composition  of  the 
ankerite  group  of  cora]X)undsi8  expressed  by  the  formula : — CaCOa  +  FeCO, 
-i-aKCaMgCaOe),  where  x  may  be  i,  1,  f  J,  f ,  2,  3,  4,  5, 10.  This  and  all 
similar  cases  are  examples  of  isomorplious  replacement. 

It  is  not  essential  that  the  replacing  elements  in  an  isomorphous  series 
should  have  the  same  qiiantivalence,  although  this  is  generally  true.  For 
example,  spodumene  is  isomorphous  with  the  pyroxene  group,  though  in  it 
the  bivalent  element  is  replaced  bv  a  sexivalent  (3R  =  ft).     So,  too,  menac- 

canite  was  included  in  the  corundum  group,  since  here  RROs  is  isomor- 
phous with  SOg.  This  relation  of  the  elements,  which  are  not  equivalent, 
is  brought  out  by  the  method  of  viewing  the  oxides  presented  on  p.  174. 

(2).  Minerals  which  crystallize  in  different  systems  may  yet  be  isomor- 
phous, when  the  difference  between  their  geometrical  form  is  slight ;  this 
IS  conspicuously  true  of  the  membere  of  the  feldspar  family. 

(3).  Minerals  may  be  closely  related  in  form,  although  there  is  no  ana- 
logy whatever  between  their  cliemical  composition ;  many  such  cases  have 
been  noted,  e,g.^  axinito  and  glauberite,  azurite  and  epidote. 

Two  substances  may  be  both  homoeomorphous  and  correspondingly 
dimorphous ;  and  they  are  then  described  as  isodimorphoiis.  Titanic  oxide 
(TiOg),  and  stannic  oxide  (SnO^),  are  both  dimorphous,  and  they  are  also 
h«nn(et)morphous  severally  in  each  of  the  two  forms.  This  is  an  example 
of  isodimorphism. 

There  are  also  cases  of  isotrimorphism.  Thus  there  are  the  following 
related  groups ;  the  angle  of  tlie  rhombohedral  forms  here  given  i&  H  :  S' 
of  the  orthorhombic  and  monoclinic  I :  /(for  baryto-calcite  2-^  on  2-S): 

BhcnnbohsdrQl  Ortharhombie,  MonocUnio, 

BCD,  Calcifce,  105*  5'.  Aragonite,  IW  10'.  Barytocaloite,  95°  8'. 

BSO4  DreeUte,  03*-94».       Angleaite,  103°  38'.  Glauberite,  83'-83'»  W. 

B80«+nBG0a        Sosannite,  »1°.  LeadhiUite,  103°  16'.        Lanarkite,  84°- 
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Calcite,  aragonite,  and  barytocalcite  form  an  undoubted  caae  of  trimor 
phmn^  as  has  already  been  shown.  Dreelite,  anglesite,  and  glanberite 
Ci:)ustitute  another  like  series,  and  moreover  it  is  closely  parallel  in  angle 
with  the  former.  In  the  third  line  we  have  the  snlphato-carbonatc  susan- 
nite  near  dreelite  in  angle,  leadhillite  (identical  with  susannite  in  couiposi- 
tion)  near  anglesite,  and  lanarkite,  another  sulphato-carbonate,  near  glau- 
beritc,  forming  thus  a  third  parallel  line.  The  sulphuric  acid  in  these  sul- 
phato-carbonates  dominates  over  the  carbonic  acid,  and  gives  the  form  of 
the  sulphates  enumerated  in  the  second  line  of  the  table. 

CuBMiGAL  Examination  of  Minebals. 

The  chemical  characters  of  minerals  are  ascjertained  (a)  by  the  action  of 
acids  and  other  reagents ;  (A)  by  means  of  the  blowpipe  assisted  by  a  few 
chemical  reagents  ;  (c)  by  chemical  analysis.  The  last  method  is  the  only 
one  by  which  the  exact  chemical  composition  of  a  mineral  can  be  deter- 
mined. It  belongs,  however,  wholly  to  chemistry,  and  it  is  unnecessary  to 
touch  upon  it  here  except  to  call  attention  to  the  remarks  already  made 
(p.  160)  upon  the  essential  importance  of  the  use  of  pure  material  for  analysis. 

The  various  tests  and  reactions  of  the  wet  and  dry  methods  are  imix)rtant, 
since  they  often  make  it  possible  to  determine  a  miueml  with  very  little 
laboi,  and  this  with  the  use  of  the  minimum  amount  of  materiaL 

a.  Examvnation  in  ilie  Wet  Way. 

The  most  common  chemical  reagent«  are  the  three  mineral  acids,  hydro- 
chloric, nitric,  and  sulphuric.  In  testing  the  powdered  mineral  with  these 
acids,  the  important  points  to  be  noted  are :  (1)  the  degree  of  solubility, 
and  (2)  the  phenomena  attending  entire  or  partial  solution  ;  that  is,  whether 
a  gas  is  evolved,  producing  effervescence^  or  a  solution  is  obtained  witliout 
efifervescence,  or  an  insoluble  constituent  is  separated  out. 

SolubUiti/, — In  testing  the  degree  of  solubility  hydrochloric  acid  is  most 
commonly  used,  though  in  the  case  of  sulphides,  and  compounds  of  lead 
and  silver,  nitric  acid  is  required.  Less  often  sulphuric  acid,  and  aqua 
regia  (nitro-hydrochloric  acid),  are  resorted  to. 

Many  minerals  are  completely  soluile  without  effervescence  :  among  these 
are  some  of  the  oxides,  heuiatite,  limonite,  gothite,  etc.,  some  sulphates, 
many  phosphates  and  ai'seniatcs,  etc. 

Solubility  with  effei^escence  takes  place  when  the  mineral  loses  a  gaseous 
ingredient,  or  when  one  is  generated  by  the  mutual  decomposition  of  acid 
and  mineral.  Most  conspicuous  here  are  the  carhonates^  all  of  which  dissolve 
with  effervescence,  giving  oflF  carbonic  acid  (pi*operly  carbon  dioxide,  COj), 
though  some  of  tliem  only  when  pulverized,  or  again,  on-  the  addition  of 
heat.     In  applying  this  test  dihite  hydrochloric  acid  is  employed.     Sul- 

huretted  hydrogen  (HjS)  is  evolved  by  some  sulphides,  when  dissolved  in 

ydrochloric  acid:  this  is  true  of  sphalerite,  stibnite,  greenockite,  etc. 
Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts,  when  dissolved  in  hydjocnloric  acid.  Nitric  peroxide  is  giveu 
off  by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite, 
©te.),  when  treated  with  nitric  acid. 
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The  separation  of  an  inBoluble  ingredient  takes  place :  With  man^  sili- 
cates, the  silica  separating  sometimes  as  a  fine  i)owdef ,  and  again  as  a  jelly  ; 
in  the  latter  case  the  mineral  is  said  to  gelatinize  (sodalite,  analcite).  In 
order  to  test  this  point  the  finely  pulverized  silicate  is  digested  with  strong 
hydrochloric  atnd,  and  the  solution  afterward  slowly  evapomted  nearly  to 
dryness.  With  a  considerable  number  of  silicates  the  gelatinization  takes 
place  only  after  ignition  ;  while  others,  which  ordinarily  gelatinize,  aro 
rendered  insoluble  oy  ignition. 

With  many  sulphides  a  sepai*ation  of  sulphur  takes  place  when  they  are 
treated  with  nitric  acid.  Compounds  of  titanic  and  tnngstic  acids  ai*e 
decomposed  by  hydrochloric  acid  with  the  separation  of  the  oxides  named. 
The  same  is  true  of  salts  of  molybdic  and  vanadic  acids,  only  that  here  the 
oxides  are  soluble  in  an  excess  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the  chlorides.  These  compounds  are,  however, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  stannic 
oxide  separates  as  a  white  powder.  A  corresponding  reaction  takes  place 
under  similar  circumstances  with  minerals  containing  ai*senic  and  antimony. 

Insolvhle  minerals, — A  large  number  of  minerals  are  not  sensibly 
attacked  by  any  of  the  acids.  Among  these  may  be  named  the  following 
oxides:  corundum,  spinel,  chromite,  diaspore,  rutile,  cassiterite,  quartz; 
also  cemrgyrite  ;  many  silicates,  titanates,  tantalates,  and  columbates ;  also 
the  sulphates  (barite,  celestite,  anglesite);  many  phosphates  (xenotime, 
laziilite,  childreuite,  amblygonite),  and  the  borate,  boracite. 


b.  Examination  of  Minerals  hy  means  of  the  Blowpipe. 
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Blowpipe, — The  simplest  form  of  the  blowpipe  is  a  tapering  tube  of 
brass  (f.  413,  1),  with  a  minute  aperture  at  the 
extremity.  A  chamber  is  aavantageously 
added  (f.  413,  2)  at  <?,  to  receive  the  condensed 
moisture,  and  an  ivory  mouth-piece  is  often 
very  convenient.  In  the  better  forms  of  the 
instrument  (see  f.  413,  3),  the  tip  is  made  of 
solid  platinum  {f\  which  admits  of  being 
readily  cleaned  when  necessary.  Operations 
with  the  blowpipe  often  require  an  uninter- 
mitted  heat  for  a  considerable  length  of  time, 
and  always  longer  than  a  single  breath  of  the 
operator.  It  is  therefore  requisite  that  breath- 
ing and  blowing  should  go  on  together.  This 
may  be  diflicult  at  first,  but  the  necessary  skill 
or  tact  is  soon  acquired. 

Blowpipe-Jlaine, — The  best  and  most  con- 
venient source  of  heat  for  blowpipe  purposes 
is  ordinary  illuminating  gas.  The  burner  is  a 
simple  tube,  flattened  at  the  top,  and  cut  off  a 
little  obliquely ;  it  thus  furnishes  a  flame  of  convenient  shape.     A  similar 
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i'et  may  also  be  used  in  conjunction  with  the  ordinary  Bunsen  burner,  it 
)eing  so  made  as  to  slip  down  within  the  outer  tube,  and  cut  off  the  supply 
of  air,  thus  giving  a  luminous  flame.  The  gas  flame  required  need  not  be 
more  than  an  inch  and  a  half  in  height.  In  place  of  the  gas,  a  lamp  fed 
with  olive  oil  will  answer,  or  even  a  good  candle. 

The  jet  of  the  blowpipe  is  brought  close  to  the  gas  flame  on  the  higher 
side  of  the  obliquely  terminated  burner.  The  arm  of  the  blowpipe  ia 
inclined  a  little  dowuwaixl,  and  the  blast  of  air  produces  an  oblique  conical 
flame  of  intense  heat.  This  blowpipe  flame  consists  of  two  cones :  an  inner 
of  a  blue  color,  and  an  outer  cone  which  is  yellow.  The  heat  is  most 
intense  just  beyond  the  extremity  of  the  blue  flame,  and  the  mineral  is  held 
at  this  poijit  when  \\&  fusibility  is  to  be  tested. 

The  iimer  flame  is  called  the  beduoinq  flame  (R.F.)  ;  it  is  characterized 
by  tlie  excess  of  the  carbon  or  liydrocarbons  of  the  gas,  which  at  the  high 
tempemture  present  tend  to  combine  with  the  oxygen  of  the  mineral 
brought  into  it,  or  in  other  words,  to  reduce  it.  The  uest  reducing  flame 
is  produced  when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame; 

it  should  retain  the  yellow  color  of  the  latter, 

•  

The  outer  cone  is  called  the  oxidizing  flame  (O.F.)  ;  it  is  characterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  effect  upon  the  assay.  This 
flame  is  best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little 
in  the  gas  flame ;  it  should  be  entirely  non-luminons. 

Supports, — Of  other  apparatus  required,  the  most  essential  articles  are 
those  whi(;h  serve  to  support  the  mineral  in  the  flame ;  these  supports  are : 
(1)  charcoal,  (2)  platinum  forceps,  (3)  platinum  wire,  and  (4)  glass  tubes. 

(1)  Charcoal  is  especially  useful  as  a  support  in  the  case  of  the  examina- 
tion of  metallic  minerals,  where  a  reduction  is  desired.  It  must  not  crack 
when  heated,  and  should  not  yield  any  considerable  amount  of  ash  on  c<>m- 
bustion  ;  that  made  from  soft  wood  (pine  or  willow)  is  the  best.  Pieces  of 
convenient  size  for  holding  in  the  hand  are  employed  ;  they  should  have  a 
smooth  surface,  and  a  small  cavity  should  be  in  it  made  for  the  mineral. 

(2)  A  convenient  kind  of  platinum,  forceps  is  represented  in  f .  414  ;  it 
is  made  of  steel  with  platinum  points.     These  open  by  means  of  the  pins 
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vp ;  other  forms  open  by  the  spring  of  the  wire  in  the  handle.  Cai"C  must 
be  taken  not  to  heat  any  substance  («.<7.,  metallic)  in  the  forceps,  which  when 
fused  might  injure  the  platinum. 

(3)  Platinum  wire  is  employed  with  the  use  of  fluxes,  as  described  in 
another  place. 

(4)  The  glass  tvhes  required  are  of  two  kinds :  dosed  tubes,  having  only 
one  open  end,  about  four  inches  long;  and  open  tubes,  having  both  ends 
open,  four  tx)  six  inches  in  length.  Both  kinds  can  be  easily  made  by  the 
student  from  ordinary  tubing  (best  of  rather  hard  glass),  having  a  bore  of 
I  to  ^  of  an  inch. 
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In  the  way  of  additional  apparatus,  the  following  articles  are  useful ;  they 
need  no  special  description  :  hammer,  small  anvil,  three-coi-nered  file,  mag« 
net,  pliers,  pocket-lens,  and  a  small  mortar,  as  also  a  few  of  the  test-tnbes. 
etc.,  used  in  the  laboratory. 

Chemical  reagents. — ^The  commonest  reagents  employed  are  the  fluxes, 
viz.,  soda  (sodium  carbonate) ;  salt  of  pnosphoms  (sodium-ammonium 
pliosphate);  and  borax  (sodium  biborate).  The  method  of  using  thorn  in 
spoken  of  on  p.  208. 

Nitrate  of  cobalt  in  solution  is  also  employed.  It  is  conveniently  kept 
in  a  small  bulb  from  which  a  drop  or  two  may  be  obtained  as  it  is  needed. 
This  is  used  principally  as  a  test  for  aluminum  or  magnesium  with  infusible 
minerals,  as  remarked  beyond.  The  fragment  of  the  mineral  held  in  the 
forceps  is  first  ignited  in  the  blowpipe  name,  a  drop  of  the  cobalt  solution 
is  placed  on  it,  and  then  it  is  heatea  again ;  the  presence  of  either  constitu- 
ent named  is  manifested  by  the  color  assumed  by  the  ignited  mineral.  It 
is  also  used  as  a  test  for  zinc.  Potassium  bisulphate  and  calcium  fiuoride 
(flnorite)  in  powder,  metallic  magnesium  (foil  or  wire),  and  tin  foil,  are 
othei  rea^nts,  the  use  of  which  is  explained  later.  Test-papers  are  alsti 
needed,  viz.,  blue  litmus  paper,  and  turmeric  paper. 

The  wet  reagents  required  are:  the  ordinary  acids,  and  most  important 
of  these  hydrochloric  acid,  generally  diluted  6ne-half  for  use,  and  also 
barium  chloride,  silver  nitrate,  ammonium  molybdate. 

The  blowpipe  investigation  of  minerals  includes  their  examination,  (1)  in 
the  platinum-pointed  forceps,  (2)  in  the  closed  tube,  (3)  in  the  open  tube, 
(4)  on  charcoal,  and  (6)  with  the  fluxes. 

(I)  Eeamination  in  the  forceps. — The  most  important  nse  of  the  plati- 
num-pointed forceps  is  to  hold  the  fragment  of  the  mineral  while  its  fusi- 
bility is  tested. 

The  foUowing  piaotioal  points  must  be  regarded :  (1)  Metallic  mineral  which  when  fused 
may  injure  the  platinum,  should  be  examined  on  chiucoal ;  (2)  the  fragment  taken  should  be 
thin,  and  as  small  as  can  conveniently  be  held;  (8)  when  decrepitation  takes  place,  the  heat 
must  be  applied  slowly,  or,  if  this  does  not  prevent  it,  the  mineral  may  be  powdered  and  u 
paste  made  with  water,  thick  enough  to  be  held  in  the  forceps  or  on  the  platinum  wire  ;  or 
the  paste  may,  with  the  same  end  in  view,  be  heated  on  charcoal ;  (4)  the  fragment  whose 
fofiibilil^  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  just  beyond  the 
extremity  of  the  blue  cone. 

In  connection  with  the  trial  of  fusibility,  the  following  phenomena  maj 
be  observed  :  {a)  a  coloration  of  the  flame;  {h)  a  swelling  up  (stilbite),  or 
an  exfoliation  of  the  mineral  (verraiculite) ;  or  (c)  a  glowing  without  fusion 
(calcite) ;  and  {d)  an  intumescence,  or  a  spirting  out  of  the  mass  as  it  fuses 
(scapolite).  The  color  of  the  mineral  after  ignition  is  to  be  noted  ;  and  the 
nature  of  the  fused  mass  is  also  to  Se  observed,  whether  a  clear  or  blebbv 
glass  is  obtained,  or  a  black  slag,  or  whether  magnetic  or  not,  etc. 

The  ignited  fragment,  if  nearly  »')r  quite  infusible,  may  be  moistened 
with  the  cobalt  solution  and  again  ignited  (see  above) ;  also,  if  not  too 
fusible,  it  may,  after  treatment  in  the  forceps,  be  placed  upon  a  strip  of 
moistened  turmeric  paper,  in  which  case  an  alkaline  reaction  shows  the 
presence  of  the  alkaline  earths. 

JlhunbUity. — ^AU  grades  of  fusibility  exist  among  minerals^  from  thoM 
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which  fuse  in  lar^  fragments  in  the  flame  of  the  candle  (stibuite,  see 
below),  to  those  which  fnse  onlpr  on  the  thinnest  edges  in  the  hottest  blow- 
pipe name  (bronzite) ;  and  still  again  there  are  a  considerable  number 
uhi^^h  are  entirely  infusible  {e.g,^  coinindura). 

The  following  scale  of  fusibility,  proposed  by  von  Kobell,  is  made  use 
ol :  1,  Btibnite  ;  2,  natrolite ;  3,  almandine  garnet ;  4,  actinolite ;  5,  oi-tho- 
close ;  6,  bronzite. 

A  little  pi^actice  with  these  minerals  will  show  the  student  what  decree 
of  fusibility  is  expressed  by  each  number,  and  render  him  quite  independent 
of  the  table;  he  will  thus  be  able  also  to  judge  of  his  power  to  produce  a 
hot  flame  by  the  blowpipe,  which  requires  practice. 

Flame  coloration. — When  coloration  is  produced  it  is  seen  on  the  exterior 
portion  of  the  flame,  and  is  beet  observed  wlien  shielded  from  the  direct  light. 

The  presence  of  soda,  even  in  small  quantities,  produces  a  yellow  flame,  which  (except  in 
the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the  flame  due  to  other  sub- 
stancea ;  phosphates  and  borates  g^ye  the  green  flame  in  general  best  when  they  have  been 
pulverized  and  moistened  with  sulphuric  acid ;  moistening  with  hydrochloric  acid  makeii  the 
coloration  in  many  oases  (barium,  strontium)  more  distinct. 

The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows:  (1)  yellow,  *(?rfit*77i /  (2)  Yiolety  j>ota88iu7a  ; 
(S)  purple-red,  lithiuvi ;  red,  strontium;  yellowisn-red,  ccUcium  (lime); 
(4)  yellowish-green,  bariumj  molybdenum  ;  emerald-green,  copper*;  bluisli- 
green,  pkospnorus  (phosphates) ;  yellowish-green,  boron  (bomtes) ;  (5)  blue, 
azure-blue,  6't?j9p«r  chloride;  light-blue,  ar^^nic /  greeimh-hhie^  antimony. 

(2)  Heating  in  the  cUfsed  tube, — The  closed  tube  is  employed  to  show 
the  eflFect  of  heating  the  mineral  out  of  contact  with  the  air.  A  small  frag- 
ment is  taken,  or  sometimes  the  powdered  mineral  is  inserted,  though  in 
this  case  with  care  not  to  soil  the  sides  of  the  tube.  The  phenomena  which 
may  be  observed  are  as  follows :  decrepitation^  as  shown  by  fluorite,  calcite, 
etc. ;  glowing,  as  exhibited  by  gadolinite ;  phosphorescence,  of  which  fluorite 
is  an  example  ;  change  ^c<?2t;/*(liinonite),  and  liere  the  color  of  the  mineml 
should  be  noted  both  when  hot,  and  again  after  cooling;  fusion ;  giving  off 
oxygen,  as  mercuric  oxide ;  yielding  water  at  a  low  or  high  temperature, 
which  is  true  of  all  hydrous  minerals ;  yielding  add  or  alkaline  vapors^ 
wliich  should  be  tested  bv  inserting  a  strip  of  moistened  litmus  or  turmeric 
paper  in  the  tube ;  yielding  a  sicblimatey  which  condenses  in  the  cold  part 
of  the  tube. 

Of  the  sublimates  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar :  Sublimate  yellow,  sulphur  : 
dark  browured  when  hot,  and  red  or  reddish-yellow  when  cold,  arsenxc 
sulphide;  brilliant  black,  arsenic  (also  giving  off  a  garlic  odor);  black 
wlien  hot,  bi-own-red  when  cold,  formed  near  the  minei-al  by  strong  heating, 
antimony  oxysxdphide ;  dark-red,  selenium,  (also  giving  the  odor  of  decay- 
ing hoi'seradish) ;  sublimate  consisting  of  small  dix>ps  with  metallic  lustre, 
tMuHufn  ;  sublimate  gray,  made  up  of  minute  metallic  globules,  mercury  / 
subiiuiate  black,  lustreless,  red  when  rubbed,  mercury  mlphide. 

(3)  Heating  in  the  open  tube. — The  small  fragment  is  placed  in  the  tube 
about  an  inch  from  the  lower  end,  the  tube  being  inchned  sufiiciently  to 
prevent  the  mineral  from  slipping  out    The  current  of  air,  passing  through 
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the  tube  during  the  heating  process,  has  an  oxidizing  effect  Tlie  special 
phenomena  to  be  observea  are  the  formation  of  a  auolimcUe  and  the  odor 
of  the  escaping  gases.  The  acid  or  alkaline  character  of  the  vapors  are 
tested  in  the  same  way  as  with  the  closed  tube.  Fluorides,  when  heated  in 
the  open  tube  with  previously  fused  salt  of  phosphorus,  yield  hydrofluoric 
acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar  pungent 
odor,  and  corrodes  the  ^lass. 

Tlie  sublimates  which  may  be  formed,  as  far  as  they  differ  from  those 
already  mentioned,  as  obtained  in  the  closed  tube,  are  as  follows :  Subli- 
mate, white  and  crystalline,  volatile,  o/rsenous  oxide  ;  white,  near  the  min- 
eral crystalline,  fusible  to  minute  drops,  yellowish  when  hot,  nearly  color 
less  when  cold,  molybdio  oxide ;  sublimate  white,  yielding  dense  white 
fames,  at  first  mostly  volatile,  forming  on  the  upper  side  ot  the  tube,  and 
afterward  generally  non-volatile  on  the  under  side  of  the  tube,  antimonous 
and  antimonic  oxides ,  sublimate  dark  brown  when  hot,  lemon-yellow 
when  cold,  fusible,  bismuth  oxide;  sublimate  gray,  fusible  to  colorless 
drops,  tellurous  oonde:  sublimate  steel-gray,  the  upper  edge  appearing  red, 
selenium, ;  sublimate  bright  metallic,  Tneroury. 

The  odors  which  may  be  perceived  are  the  same  as  those  mentioned  in 
the  following  article. 

(4)  Heating  alone  on  charcoal, — Tlie  substance  to  be  examined  is  placed 
in  a  shallow  cavity ;  it  may  simply  be  a  small  fragment,  or,  where  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  thus  the 
material  employed  as  a  paste.     The  points  to  be  noticed  are : 

{(jC\  The  odor  given  on'  after  short  beating.  In  this  way  the  presence  of 
sulpnur,  araenic  (garlic  odor),  and  selenium  (odor  of  decayed  horseradish), 
rnay  be  recognizea. 

(6)  Fusion. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  ia 
absorbed  into  the  charcoal ;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium. 

(c)  The  infasiile  residue. — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or 
tin.  (2)  It  may  give  an  alkaline  i*eaction  after  ignition  :  alkaline  earths. 
(3)  It  may  be  magnetic,  showing  the  presence  of  iron. 

(rf)  The  sublifnate, — By  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N), 
and  at  a  distance  (D) ;  as  also  when  hot  and  when  cold  is  to  be  notecl. 

The  most  impoitant  of  the  sublimates,  with  the  metals  to  which  tbey  are 
due,  are  contained  in  the  following  list:  Sublimate,  steel-gray  (N),  and 
dark  gray  (D^,  in  R.F.  volatile  with  a  blue  fiame,  selenium  (also  giving  a 
peculiar  odor) ;  white  (N)  and  red  or  deep  yellow  (D),  in  R.F.  volatile  with 
green  flame,  tellurium/  white  (N)  and  grayish  (D),  arsenic  (giving  also  a 
peculiar  alliaceous  odor);  white  (N)  and  bluish  (D),  a»^iv/w>/i,y(albu  giving 
off  dense  white  fumes).  Beddish-brown,  silver  /  dark  orange-yell<»w  when 
hot,  and  lemon-yellow  when  cold  (N),  also  bluish-white  (D),  bismuth  /  dark 
lemon-yellow  when  hot,  sulphur-yellow  when  cold,  lead;  red-brown  (N) 
and  orange-yellow  (D),  cadmium;  yellow  when  hot,  white  on  cooling,  «iyic 
(the  sublimate  becomes  green  if  moistened  with  cobalt  solution  and  again 
ignited);  faint  yellow  when  hot,  white  on  cooling,  tin  (the  sublimate 
becomAi«  bluish-green  when  ignited  after  being  moistened  witli  the  coball 
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iK)li;tion,  in  the  K.F.  it  is  reduced  to  metallic  tin) ;  yellow,  Bometimei  crys 
talliiie  wtien  hot,  white  when  cold  (N),  bluish  (D),  moli/bdenum  {i:i  O.F 
the  sublimate  volatilizes,  leaving  a  permanent  stain  of  the  oxide,  in  K.F. 
gives  an  azure  blue  color  when  touched  for  a  moment  with  the  flame). 

(5)  Treatment  with  the  fluxes, — ^The  three  fluxes  have  been  mentioned 
on  p.  205.  They  are  used  either  on  charcoal  or  witli  the  platinum  wire. 
If  tlie  latter  is  employed  it  must  have  a  small  loop  at  the  end  \  this  is  heated 
to  redness  and  dipped  into  the  powdered  flux,  and  the  adhering  particles 
fused  to  a  bead  ;  this  operation  is  repeated  until  the  loop  is  filled.  Some- 
times in  the  use  of  soda  the  wire  may  at  first  be  moistened  a  little  to  canse 
it  to  adhere.  Wlien  the  bead  is  ready  it  is,  while  hot,  brought  in  contact 
with  the  powdered  mineral,  some  of  which  will  adhere  to  it,  and  then  the 
heating  process  may  be  continued.  Very  little  of  the  mineral  is  in  general 
required,  and  the  experiment  should  be  commenced  with  a  minnte  quantity 
and  more  added  if  necessary.  The  bead  must  be  heated  successively  in 
the  reducing  and  oxidizing  ilames,  and  in  each  case  the  color  noted  when 
hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  containing  solphnr  or  araenio,  or  both,  most  be  first  roasted,  that  is,  heated  on 
charcoal,  first  in  the  oxidizing  and  then  in  the  reducing  fiame,  till  these  substances  have  been 
Tolatillsed.  If  too  much  of  the  mineral  has  been  added  and  the  bead  is  hence  too  opaque  to 
show  the  color,  it  may,  whUe  hot,  be  flattened  out  with  the  hammer,  or  drawn  out  into  a 
wire,  or  part  of  it  may  be  removed  and  the  remainder  diluted  with  more  of  the  flux. 

Borax. — The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  and  also  the  metals  to  the  presence  of  whose  oxides 
the  colors  are  due : 

Colorless ;  silica,  aluminum,  the  alkaline  earths,  etc.  (both  O.F.  and 
R.F.) ;  also  silver,  zinc,  cadmium,  lead,  bismuth,  and  nickel,  O.F.,  and  also 
R.F.,  after  long  heating,  but  when  first  heated,  gray  or  turbid ;  R.F.,  man- 
ganese. 

Yeilow;  in  O.F.,  titanium,  tungsten,  and  molybdenum,  also  zinc  and 
cadmium,  when  strongly  saturated  and  hot ;  vanadium  (greenish  when 
hot) ;  iron,  uranium,  and  chromium,  when  feebly  saturated. 

Ited  to  brown  ;  in  O.F.,  iron,  hot  (on  cooling,  yellow)  ;  O.F.,  chromium, 
hot  (yellowish-green  when  cold)  ;  O.F.,  uranium,  hot  (jellow  wlien  cold)  ; 
nickel,  manganese,  cold  (violet  when  hot). 

Red  ;  II.F.,  copper,  if  highly  saturated,  cold  (colorless  when  hot). 

Violet ;  O.F.,  nickel,  hot  (red-bix)wn  to  brown  on  cooling)  ;  O.P.,  man- 
ganese. 

Blue;  O.F.  and  RF.,  cobalt,  both  hot  and  cold;  O.F.,  copper,  cold 
(when  hot,  green). 

Green  ;  O.F.,  copper,  hot  Tblue  or  greenish-blue  on  cooling),  R.F.,  bottle- 
green  ;  (J.F.,  chromium,  cold  (yellow  to  red  when  hot),  R.F.,  emerald-green 
O.F.,  vanadium,  cold  (j^ellow  when  hot),  R.F.,  chrome-green,  cold  (brown- 
ish when  hot^  ;  R.F.,  uranium,  yellowish-green  (when  highly  saturated). 

Salt  of  Phosphokus. — This  flux  gives  tor  the  most  part  reactions  similai 
to  those  obtained  with  borax.  The  only  cases  enumerated  hei*e  ai'e  tliose 
which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  sUioates  this  flux  forms  a  glass  in  which  the  bases  of  the  silicate 
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are  dissolved,  but  the  silica  itself  is  left  insoluble.  It  appears  as  a  skeleton 
readily  seen  floating  about  in  the  melted  bead. 

The  (colors  of  the  beads  and  the  metals  to  whose  oxides  these  are  due,  are : 

Blue  ;  II.F.,  tungsten,  cold  (brownish  when  hot)  ;  E.F.,  columbium,  cold 
and  when  highly  saturated  (dirty-blue  when  hot).  Both  these  give  colorless 
beads  in  the  O.F. 

(jhreen  /  R.F.,  uranium,  cold  (yellowish-green  when  hot) ;  O.F.,  molyb- 
deuuni,  pale  on  cooling,  also  E.F.,  dirty-green  when  hot,  green  when  cold. 

Violet ;  R.F.,  columbium  (see  above) ;  RF.,  titanium  cold  (yellow  when 

hoO. 

Soda  is  especially  valuable  as  a  flux  in  the  case  of  the  reduction  of  the 
metallic  oxides ;  this  is  usually  performed  on  charcoal.  The  finely  pulver- 
ized mineral  is  intimately  mixed  with  soda,  and  a  drop  of  water  added  to 
form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and  subjected  to 
a  strong  reducing  flame.  More  soda  is  added  as  that  present  sinks  into  the 
coal,  and,  after  the  process  has  been  continued  some  time,  the  i*emainder 
of  the  flux,  the  assay,  and  the  surrounding  coal  are  cut  out  with  a  knife, 
and  the  whole  ground  up  in  a  mortar,  with  the  addition  of  a  little  water. 
The  charcoal  is  carefully  washed  away  and  the  metallic  globules,  flattened 
oat  by  the  process,  remain  behind,  oome  metallic  oxides  are  very  readily 
reduced,  as  lead,  while  others,  as  copper  and  tin,  require  considerable  skill 
and  care. 

The  metals  obtained  may  be:  iron,  nickel,  or  cobalt,  recognized  by  their 
bein<5  attracted  by  the  magnet ;  or  copper,  marked  by  its  red  color ;  bis- 
muth and  antimony,  which  are  brittle  ;  gold  or  silver;  antimony,  tellurium, 
bismuth,  lead,  zinc,  cadmiuu),  which  volatilize  more  or  less  completely  and 
may  be  recognized  by  their  sublimates  (see  p.  207)  ;  arsenic  and  mercury 
are  also  reduced,  but  must  be  heated  with  soda  in  the  closed  tube  in  order 
to  collect  the  sublimates.  The  metals  obtained  may  be  also  tested  with 
borax  on  the  platinum  wire. 

By  means  of  soda  on  charcoal  the  pi'esence  of  sulphur  in  the  sulpliates 
may  be  shown,  though  they  do  not  yield  it  upon  simple  heating.  When 
suda  is  fused  on  charcoal  with  a  compound  of  sulphur  (sulphide  or  sulphate), 
sodium  sulphide  is  formed,  and  if  much  sulphur  is  present  the  mass  will 
have  tlie  hepar  (liver-brown)  color.  In  any  case  the  presence  of  the  sulphur 
is  shown  by  placing  the  fused  mass  on  a  clean  surface  of  silver,  and  adding 
a  drop  of  water ;  a  black  or  yellow  stain  of  silver  sulphide  will  be  formed. 
Illuminating  gas  often  contains  sulphur,  and  hence,  when  it  is  used,  the 
soda  should  be  first  tried  alone  on  charcoal,  and  if  a  sulphur  reaction  is 
obtained  (due  to  the  gas),  a  candle  or  lamp  must  be  employed  in  tlie  place 
of  the  gas. 

It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility  or 
infusibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal. 
Many  silicates,  though  alone  diflicultly  fusible,  dissolve  in  a  little  soda  to  a 
clear  glass,  but  with  more  soda  they  form  an  infusible  mass.  Manganese, 
when  present  even  iu  minute  quantities,  gives  a  bluish-green  color  to  the 
aoda  bead. 

U 
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Charactbribtig  Ebaotiokb  of  the  most  Imfobtamt  Elbmenta  ahd  ov  iom  ov 

THEiB  Compounds. 

4 

The  foUow'.ng  list  contains  the  most  characteristic  reactions,  both  before 
Ihe  blowpipe  TB.B.J  and  in  some  cases  in  the  wet  way,  of  the  different  ele- 
ments and  their  oxides.  It  is  desirable  for  every  student  to  be  familiar 
with  them.  Many  of  them  have  already  been  briefly  mentioned  iu  the 
preceding  pages.  It  is  to  be  remembei*ed  that  while  the  reaction  of  a 
single  substance  may  be  perfectly  distinct  if  alone,  the  presence  of  other 
substances  may  more  or  less  entirely  obscure  these  reactions ;  it  is  conse- 
quently obvious  that  in  the  actual  examination  of  minerals  precautions  have 
to  be  taken,  and  special  methods  have  to  be  devised,  to  overcome  the  diffi- 
culty arising  from  this  cause.  These  will  be  gathered  from  the  pyrognostic 
characters  given  (by  Prof.  Brush)  in  connection  with  the  description  of 
each  species  in  the  l^hird  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reac- 
tions (Flammenreactionen,  Ann.  Ch.  Pharm.,  cxxxviii.,  257,  or  Phil.  Mag., 
IV.,  xxxii.,  81).  The  methods,  however,  require  for  the  most  part  much 
detailed  explanation,  and  in  this  place  it  is  only  possible  to  make  this  gen- 
eral reference  to  the  subject. 

Alumina.  B.B. ;  the  presence  of  alumina  in  most  infusible  minerals, 
containing  a  considerable  amount,  may  be  detected  by  the  blue  color  which 
they  assume  when,  after  being  heated,  they  are  moistened  with  cobalt  solu- 
tion and  again  ignited.  Very  hard  minerals  {e.g.,  corundum)  must  be  fii-st 
finely  pulverized. 

Antimony.  B,B. ;  antimonial  minerals  on  charcoal  give  dense  white 
inodorous  fumes.  Antimony  sulphide  gives  in  a  strong  heat  in  the  closed 
tube  a  sublimate,  black  when  hot,  brown-red  when  cold.     See  also  p.  207. 

In  nitric  acid  compounds  containing  antimony  deposit  white  antimonic 
oxide  (SbgOg). 

Arsenic.  B.B. ;  arsenical  minerals  give  off  fumes,  usually  easily  recog- 
nized by  their  peculiar  gai'lic  odor.  In  the  open  tube  they  give  a  white, 
vohitile,  crystalline  sublimate  of  arsenious  oxide.  In  the  closed  tube  ai*senic 
sulphide  gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  i eddish- 
yellow  when  cold.  The  presence  of  arsenic  in  minerals  is  often  proved  by 
testing  them  in  the  closed  tube  with  sodium  carbonate  and  potassium  cyan- 
ide. Strong  heating  pi-oduces  a  sublimate  of  metallic  arsenic,  pi*oper  pre- 
cautions beingobserved. 

Baryta.  B!fe. ;  a  yellowish-green  coloration  of  the  flame  is  given  by  all 
baryta  salts,  except  the  silicates. 

In  solution  the  presence  of  barium  is  proved  by  the  heavy  white  precipi- 
tate formed  iipon  the  addition  of  dilute  sulphuric  acid. 

Bismuth.  l3.B. ;  on  charcoal  alono,  or  with  soda,  bismuth  gives  a  veiy 
characteristic  orange-yellow  sublimate  (p.  207V  Also  when  treated  with 
equal  parts  of  potassium  iodide  and  sulphur,  ana  fused  on  charcoal,  a  beauti- 
ful red  sublimate  of  bismuth  iodide  is  obtained. 

Borofdc  acid.  Borates.  B.B. ;  many  compound*"  tinge  the  flame  intense 
yellowish-green,  especially  if  moistened  with  su^^huric  acid.    For  silicates 
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the  best  method  is  to  mix  the  powdered  mkieral  with  one  part  powdered 
tinorite  and  two  parts  ]X)ta88inm  bisnlphate.  The  mixture  is  moistened 
and  pla(;ed  on  platinum  wire.  At  the  moment  of  fusion  the  green  color 
appeal's,  but  lasts  but  a  moment  (ex.  tourmaline^ 

rleatejd  in  a  dibh  with  sulphuric  acid,  ana  alcohol  being  added  »ind 
ignited,  the  flames  of  the  latter  will  be  distinctly  tinged  green. 

Cadmium.  B.B. ;  on  charcoal  cadmium  gives  a  ciiaracteristic  sublimate 
of  the  reddish-bmwn  oxide  (p.  207) 

Carbonates.  Effervesce  with  dilute  hydrochloric  acid ;  many  require  to 
be  pulverized,  and  some  need  the  addition  of  heat. 

Chlorides.  B.B. ;  if  a  small  portion  of  a  chloride  is  added  to  the  bead  of 
salt  of  phosphorus,  saturated  with  copper  oxide,  the  bead  is  instantly  sur- 
rounded with  an  intense  purplish  flame. 

In  solution  they  give  with  silver  nitrate  a  white  curdy  precipitate,  which 
darkens  in  color  on  exposure  to  the  light ;  it  is  insoluble  in  nitric  acid,  but 
entirely  so  in  ammonia. 

Chromium,.  B.B. ;  chi*omium  gives  with  borax  and  salt  of  phosphorus  an 
emerald-green  bead  (p.  208^. 

Cobalt.  B.B. ;  a  beautiful  blue  bead  is  obtained  with  borax  in  both 
flames  from  minerals  containing  cobalt.  Where  sulphur  or  arsenic  is  present 
it  shcmld  fii-st  be  roasted  off  on  charcoal. 

Copper.  B.B. ;  on  charcoal  the  metallic  copper  can  be  reduced  from 
mcjst  of  its  compounds.  With  borax  it  gives  a  green  bead  in  the  oxidizing 
flame,  and  in  the  reducing  an  opaque  red  bead  (p.  208). 

Most  metallic  compounds  are  soluble  in  nitric  acid.  Ammonia  produces 
a  green  precipitate  in  the  solution,  which  is  dissolved  when  an  excess  is 
added,  the  solution  taking  an  intense  blue  color. 

Fluorine.  B.B. ;  heated  in  the  closed  tube  fluorides  give  off  fumes  of 
hydi-ofluoric  acid,  which  react  acid  with  test-paper  and  etch  the  glass. 
Sometimes  ix)ta6sium  bisnlphate  must  be  added  (see  also  p.  207). 

Heated  gently  in  a  nlatiiium  crucible  with  sulphuric  acid,  most  com- 
pounds give  off  hydronuoric  acid,  which  corrodes  a  glass  plate  placed 
over  it. 

Iro/i.  B.B. ;  with  borax  iron  gives  a  bead  (O.F.)  which  is  yellow  while 
hot,  but  is  colorless  on  cooling;  RF.,  becomes  bottle-greeu  (see  p.  208). 
On  charc()al  with  soda  gives  a  magnetic  powder.  Minerals  which  contain 
even  a  small  amount  of  iron  yield  a  magnetic  mass  when  heated  in  the 
reducing  flame. 

Lfod.  B.B. ;  with  soda  on  charcoal  a  malleable  globule  of  metallic  lead 
is  obtained  from  lead  compounds  ;  the  coating  has  a  yellow  color  near  the 
assay  and  farther  off  a  white  color  (carbonate)  ;  on  being  touched  with  the 
reducing  flame  both  of  these  disappear,  tinging  the  flame  azure  blue. 

In  solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  sul- 
phate ;  when  delicacy  is  required  an  excess  of  the  acid  is  added,  the  solution 
evaporated  to  dryness,  and  water  added,  the  lead  sulphate,  if  present,  will 
then  be  left  as  a  residue. 

Lim^.  B.B. ;  it  imparts  a  yellowish-red  color  to  the  flame.  In  the  pres- 
ence of  other  alkaline  earths  the  spectroscope  gives  a  sure  means  of  detecting 
even  when  in  small  quantities.  Many  lime  salts  give  an  alkaline  reaction 
with  test-paper  after  ignition. 
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In  solutions  containing  lime  salts,  even  when  dilute,  ammonium  oxalate 
throws  down  a  white  precipitate  of  calcium  oxalate. 

Lithia.  B.6. ;  lithia  gives  an  intense  red  to  the  outer  flame ;  in  very  small 
quantities  it  is  evident  in  the  spectroscope. 

Magnesia.  BB. ;  moistened,  after  heating,  with  cobalt  nitrate  and  again 
ignited,  a  pink  color  is  obtained  from  infusible  minerals. 

Manganese.  B.B. ;  with  borax  manganese  gives  a  be^xl  violet-red  (O.F.), 
and  colorless  (E.F.).  \rVith  soda  (O.F.)  it  gives  a  bluish-green  bead  ;  tiiis 
reaction  is  very  delicate  and  may  be  relied  upon,  even  in  presence  of  almoet 
any  other  metal. 

Mercury.  B.B. ;  in  the  closed  tube  a  sublimate  of  metallic  mercury  ia 
yielded  when  the  mineral  is  heated  with  soda.  Mercuvic  sulphide  gives  a 
black  lustreless  sublimate  in  the  tube,  red  when  rubbed  (p  207). 

Molybdenum,  B.B. ;  on  charcoal  molybdenum  gives  a  copper-i*ed  stain 
(O.F.)  which  becomes  azure-blue  when  for  a  moment  touched  with  the  R.F. 
(p.  208). 

Nickel.  B.B. ;  with  borax  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet 
when  hot  and  red-brown  on  cooling ;  (R-F.)  the  glass  becomes  gray  and 
turbid  from  the  separation  of  metallic  nickel,  and  on  long  blowing  colorless. 

Nitrates.  Detonate  when  heated  on  charcoal.  Heated  in  a  tube  with 
sulphuric  acid  give  off  red  fumes  of  nitric  peroxide. 

Phosphates.  B.B. ;  most  phosphates  impart  a  green  color  to  the  flame, 
especially  after  having  been  moistened  with  sulphuric  acid,  though  this  test 
may  be  rendered'  unsatisfactory  by  the  presence  of  other  coloring  agent& 
If  they  are  used  in  the  closed  tube  with  a  fragment  of  metallic  magnesium  or 
sodium,  and  afterward  moistened  with  water,  phosphurett^d  hydrogen  is 
given  off^,  recognizable  by  its  disagreeable  odor. 

A.  few  drops  of  a  neutral  or  acid  solution,  containing  phosphoric  acid, 

E)roduces  in  a  solution  of  ammonium  molybdate  with  nitric  ac^d  a  pulveru- 
ent  yellow  precipitate. 

Potash.  n.]i. ;  iK)ta8h  imparts  a  violet  color  to  the  flame  when  alone. 
It  is  best  detected  in  small  quantities,  or  when  soda  or  lithia  is  present,  by 
the  aid  of  the  spectroscope. 

Selenium.  B.JB. ;  on  charcoal  selenium  fuses  easily,  giving  off  brown 
fumes  with  a  peculiar  disagreeable  organic  odor  (see  also  p.  207). 

Silica.  B.B. ;  a  small  fragment  ot  a  silicate  in  the  salt  of  phosphorus 
bead  leaves  a  skeleton  of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  fine  powder  is  fused  with  scndium  carbonate  and  the  mass 
then  dissolved  in  hydrochloric  acid  and  evaporated  to  dryness,  the  silica  is 
made  insoluble,  and  when  strong  hydrochloric  acid  is  added  and  then  water, 
the  bases  are  dissolved  and  the  silica  left  behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by 
strong  hydrochloric  acid,  the  silica  separating  as  a  powder  or  as  a  jelly 
(see  p.  208). 

SUver.  B.B. ;  on  charcoal  in  O.F.  silver  gives  a  brown  coating  (j).  207), 
A  globule  of  metallic  silver  may  generally  be  obtained  by  heating  on  chai"- 
coal  in  O.F.,  especially  if  soda  is  added.  Under  some  circumstances  it  ia 
desirable  to  have  recoui-se  to  cupel lation. 

From  a  solution  containing  any  salt  of  silver,  tlie  ins(»lublc  chloride  is 
thrown  down  when  hydix>chloric  acid  is  added.     This  pi*ecipitate  is  insoluble 
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(11  acid  or  water,  but  entirely  so  in  ammonia;    It  changes  color  on  exposure 
CO  the  light. 

Sotia.  B.B. ;  gives  a  strong  yellow  flame. 

Sulphur^  8tdp/iidesy  su/phates.  B.B. ;  in  the  closed  tube  some  sulphides 

f;ive  oflF  sulphur,  others  sulphurous  oxide  which  reddens  a  strip  of  moistened 
itmus  paper.  In  small  quantities,  or  in  sulphates,  it  is  best  detected  by 
fusion  on  charcoal  with  soda.  The  fused  mass,  when  sodium  sulphide  has 
tluis  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened ;  a  distinct 
black  stain  on  the  silver  is  thus  obtained  (the  precaution  mentioned  on 
p.  209  must  be  exercised). 

A  solution  in  hydrochloric  acid  gives  with  barium  chloride  a  white  in- 
soluble  precipitate  of  barium  sulphate. 

TeUurium.  B.B. ;  tellurides  heated  in  the  open  tube  give  a  white  or 
grayish  sublimate,  fusible  to  colorless  drops  (p.  207).  On  charcoal  they 
give  a  white  coating  and  color  the  R-F.  green. 

Tm,  B.B;  minerals  containinsr  tin,  when  heated  on  charcoal  with  soda 
or  potassium  cyanide,  yield  metallic  tin  in  minute  globules  (see  also  p.  209). 

Titanium.  J3.B. ;  titanium  gives  a  violet  color  to  the  salt  of  phosphorus 
bead.  Fused  with  sodium  carbonate  and  dissolved  with  hydrochloric  acid, 
and  heated  with  a  piece  of  metallic  tin  or  zinc,  the  liquid  takes  a  violet 
color,  especially  after  partial  evaporation. 

Tungsten,  B.B. ;  tungsten  oxide  gives  a  blue  color  to  the  salt  of  phos- 
phorus bead  (II.F.).  Fused  and  treated  as  titanic  acid  (see  above)  with  the 
addition  of  zinc  instead  of  tin,  gives  a  fine  blue  color. 

Uranium.  Q,S.\  salt  of  phosphorus  bead,  in  O.F.,  a  greenish-yellow 
bead  when  cool,     in  E.F.  a  line  green  on  cooling  (p.  209). 

Vanadium.  B.B. ;  the  characteristic  reactions  of  vanadium  with  the 
fluxes  are  given  on  p.  203. 

Zinc.  B.B. ;  on  cliarcoal  compounds  of  zinc  give  a  coating  which  is  yel- 
low while  hot  and  white  on  cooling,  and  moistened  by  the  cobalt  solution 
and  again  heated  becomes  a  fine  green  (p.  207). 

Zirconia.  A  dilute  hydrochloric  acid  solution,  containing  ziixjonia,  im- 
parts an  orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Students  who  desire  to  become  thorouglily  acquainted  with  the  use  of  the 
blowpipe  should  provide  themselves  with  a  thorough  and  systematic  book 
devoted  to  the  subject.  The  most  complete  American  book  is  that  by  Prof. 
Brush  (Manual  of  Determinative  Mineralogy,  with  an  introduction  on  blow 
pipe  analysis,  New  York,  1875).  Other  standard  works  are  those  of  Ber 
zelius  (The  use  of  the  Blowpi})e  in  Chemistry  and  Mineralogy,  translated  into 
English  by  Prof.  J.  D.  Whitney,  1845),  and  Plattner  (Manual  of  Qualita- 
tive and  Quantitative  Analysis  with  the  Blowpipe,  translated  by  Prof.  H. 
B.  Cornwall,  1872).  The  work  of  Prof.  Brush  has  been  freely  used  in  the 
preparation  of  the  preceding  notes  upon  blo\^ipe  n^ethods  and  reactions. 


DETERBOKATrVB  MiNERALOGT 

Determinative  Mineralogy  may  be  properly  considered  under  the  mneral 
head  of  Chemical  Mineralogy,  since  tlie  determination  of  minerals  aependf 
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nioGtlj  npoD  chemical  tests.    But  crystallographic  and  all  physical  chaiactere 
have  also  to  be  used. 

Thei-e  is  but  one  satisfactory  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of 
a  complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral 
in  hand  is  referred  successively  from  a  general  group  into  a  more  special 
one,  until  at  last  all  other  species  have  been  eliminated,  and  tlie  identity 
of  the  one  given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how- 
ever, always  be  made  before  final  recoui'se  is  had  to  the  tables.  This 
examination  will  often  sufiice  to  show  what  the  mineral  in  hand  is,  and  in 
any  case  it.  should  not  be  omitted,  since  it  is  only  in  this  way  that  a  practi- 
cal familiarity  with  the  appearance  and  character  of  minerals  can  be  gained. 

The  student  will  naturally  take  note  fii'st  of  those  character  which  ai'e 
at  once  obvious  to  the  senses,  that  is  :  the  color^  Iv^tre^  f^^^  general  striu: 
ture^  fracture^  cleavage^  and  also  crystaUine  form^  if  distinct ;  also,  if  the 
specimen  is  not  too  small,  the  apparent  weight  will  suggest  something  as  to 
the  specific  gravity.  The  above  characters  are  of  very  unequal  impoitance. 
Structure,  if  crystals  ai'C  not  present,  and  fracture  are  generally  unessential 
except  in  distinguishing  varieties ;  color  and  lustre  are  essential  with 
tnetallic,  but  generally  very  unimportant  with  unmetallic  minerals.  Streak 
is  of  importance  only  with  colored  minerals  and  those  of  metallic  lustre 
(p.  162).  Crystalline  form  and  cleavage  are  of  the  highest  importance,  but 
usually  require  careful  study. 

The  fii'st  trial  should  be  the  determination  of  the  fiardneas  (for  which  end 
the  pocket-knife  is  often  sufficient  in  experienced  hands).  The  second  trial 
should  be  the  determination  of  the  specific  gravity.  Treatment  of  the 
powdered  mineral  with  acids  may  come  next ;  by  this  means  (see  p.  202) 
the  presence  of  carbonic  acid  is  detected,  and  also  other  results  obtained 
(p.  203).  Then  should  follow  blowpipe  trials,  to  ascertain  the  fmsibiliiy^ 
tlie  color  given  to  the  flame,  if  any,  the  character  of  the  subltTnate  given  off 
and  the  reactions  with  the^t^^z^  and  other  points  as  explained  in  the  pre 
ceding  pages. 

How  much  the  observer  leanis  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  depends  upon  his  knowledge  of  the  charactere  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  vari- 
ous elementary  substances  (pp.  210  to  213)  with  reagents,  and  before  the 
blowpipe.  If  the  results  of  such  a  preliminary  examination  are  sufiiciently 
definite  to  suggest  that  the  mineral  in  hand  is  one  of  a  small  number  oi 
species,  reference  may  be  made  to  their  full  description  in  Part  III.  of  this 
work  for  the  final  decision. 

A  number  of  minor  tables,  embracing  under  appropriate  heads  minerals 
which  have  some  striking  phvsical  character,  are  added  in  the  Appendix, 
They  will  in  many  cases  aia  the  observer  in  reaching  a  conclusion.  lu 
addition  to  these  tables,  an  extended  table  is  also  given  for  the  8}stematio 
determination  of  the  more  important  minerals,  those  described  in  full  iu 
the  following  pages. 


PA.RT    III. 


DESCRIPTIVE  MINERALOGY. 


Thb  following  is  the  system  of  classification  employed  in  the  arrangement 
of  the  species  in  this  work.  It  is  identical  witli  that  adopted  in  Dana's 
System  of  Mineralogy,  1868,  to  which  treatise  reference  may  be  made  for 
the  discussion  of  the  principles  upon  which  it  is  based.  In  general  only 
the  mon3  prominent  species  are  ennmemted  nnder  the  successive  heads. 
The  native  elements  are  grouped  as  follows : 
SERIES  I. — ^The  more  basic,  or  electro-positive  elements. 

1.  Gold  okoup. — Gold,  silver  (also    hydrogen,    potassium, 

sodium,  etc.). 

2.  Ikon  oroitp. — Platinum,  palladium,  mercury,  copper,  iron, 

zinc,  lead  (also  cobalt,  nickel,  chromium,  manganese, 
calcium,  magnesium,  etc.). 

3.  Tin  group. — Tin  (also  titanium,  zirconium,  etc.). 
SERIES  II. — Elements  generally  electro-oegativo. 

1.  Aksenio  ououp. — Arsenic,  antimony,  bismuth,  phosphorus^ 

vanadium,  etc. 

2.  StJLPHUs  GBOUP. — Sulphur,  tellurium,  selenium. 

3.  Carbon-silicon  ORotiP. — Carbon,  silicon. 
SERIES  III. — ^Elements  always  negative. 

1.  Chlorine,  bromine,  iodine. 

2.  Fluorine. 
8.  Oxygen. 


CLASSIFICATION  OF  MINERAL  SPECIES. 

I.  NATIVE   ELEMENTS. 

Gk>ld ;  silver.—  Platinum ;  palladium ;  iridosmine,  IrOs,  etc. ;  ncorcuiy  j 
amalgam,  AgHff,  etc.:  copper;  iron. — Arsenic;  antimony;  bismuth.— 
Tellurium ;  sulphur. — ^Diamond  ;  graphite. 


i^ai^uaawBiMMk*^ 


*  See  farther  on  p.  4d0,  ei  ieq* 
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ri.  SULPHIDES,    TELLDRIDES,    SELENIDES,    ARSEN- 
IDES, AN TIMONIDES,  BISMUTHIDES. 

1    BINARY  COMPOUNDS.— SuLPHiDBS  aot  Tkllubides  or  MirrALg 


;>F  THB  Sulphur  and  Ajxsenio  Groups. 

fa)  Realgar  groufp.  Composition  RS.    Monoclinic.    Real^r. 

(i)  Orpiment  group.  Composition  R3S3.    Orthorbombic.  Orplment; 

stibnite ;  bismnthinite. 
(d)  Tetradymite  g^roup.  Tetradymite  Bi8(Te,SV 
Ifl)  Molybdenite  group.  Composition  RS^.    Molybdenite. 


is 


2.  BINARY  COMPOUNDS.— Sulphides,  Tellurides,  etc.,  of  Mbtau 
OF  THE  Gold,  Iron,  and  Tin  Groups. 

A.  BASIC  DIVISION. —Dyscrasite ;  domeykite. 

B.  PROTO  DIVISION.— Composition  RS  (or  R^),  RSe,  RTe. 

{<£)  Galenite  group.  Isometric ;    holohedral. — ^Argeiitite ;  galenitc ; 

clausthalite ;  bornite  ;  alabandite. 
(1)\  Blende  qroup.  Isometric ;  tetrabedral. — Sphalerite. 
(0)  Ohalcocite  group.  Orthorbombic. — Chalcocite ;   acanthite  ;   hcs- 

site ;  stromeyerite.    • 
(<?)  Pyi^rhotite  group.  Hexagonal. — Cinnabar ;    millerite ;    pyrriK> 

tito  (Fe^Sg) ;  greenockite ;  niccolite. 

C.  DEUTO  OR  PYIUTE  DIVISION.— Composition  RS,,  et3. 

(a)  Pyrite  group.  Isometric. — ^Pyrite  ;   linnseito ;   smaltite ;  cobal- 

tite ;  gersdoi-ffite. — Chalco])yrite. 
(5)  Ma/rcasite  group.    Orthorbombic. — Marcasite;    arsenopyrite ; 

sylvanite. 
ip)  Nagyagite.     {d)  Covellite. 

8.  TERNARY    COMPOUNDS.— Sulpharsenttes,    Sulphantimonitbb, 

SuLPHOBISMUTHrrES. 

{a)  Group  I.    Atomic  ratio,   R  :  A8(Sb)  :  S  =  1 :  2  :  4.    Formnla 

R(As,Sb)2S4  =  RS  -f-(As,Sb)jS8.    Miargyrite ;  sartorite ;  zink- 

enite. 
(J)  Sub    group.    At.  Ratio,  R  :  As(Sb)  :  S  =  8  :  4  :  9.      Formnla 

RB(A8,Sb,Bi)4So  =  3RS  4-  2(A8,Sb,Bi),S^    Joi-danite  ;  achir- 

merite  etc 
(e)  Group  II.    At.  Ratio,  R  :  (As,  Sb)  :  S  =  2  :  2  :  5.     Formnla 

Rj(Sb.As),S5  =  2RS + (Sb, As),S,.     Jamcsonite ;  duf renoysite. 
(rf)  Group  ill.  At.  Ratio,  R  :  (As,Sb)  :  S  =  8  :  2  :  6.     Formnla 

R8(As,Sb)aS«  =  3RS  +  (As,Sb)|S,.      Pyrargyrite,    prouatite; 

bournonite;  boulangerite. 
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ie)  Gboup  IV.  At  Eatio,  E :  (As,8b,Bi)  :  S  =  4  :  2  :  7.  Formula 
R.(Afl,8b,Bi),S7  =  4RS+(A8,Sb,Bi)A-  Tetrahedrito ;  ten- 
nantite. 

(/)  Group  V.   At.  Eatio,    E  :  (A8,Sb)  :  S  =  6  :  2  :  8.      Formula 
S^A8,Sb),S,  =  5ES+(A8^b),S,.    Stephanite;   geocronite 
P  ^lybasite. — Enargi  te. 


m.  CHLORIDES,  BROMIDES,  IODIDES. 

1.  AKHYDEOUS   CHL0EIDE8.— Composition  mostly  E(01,  Br,  1) ; 
also  Ej(Cl,Br,l)  (calomel),  and  ROle  (molysite). 

Halite ;  svlvite ;  cerargyrite ;  emboHte ;  bromyrite. 

2.  HYDltoUS  OHLOEIDES.— Camallite.    Tachhydrite. 
8.  OXYCHLOEIDES.— Atacamite :  matlockite. 


IV.  FLUORIDES. 

1.  ANHYDE0U8  FLU0EIDE8.    Fluorite ;  sellaite.— Cryolite. 
8.  HYDEOU8  FLUOEIDES.— Pachnolite ;  ralstonite. 


V.  OXYGEN  COMPOUNDS, 

L  OXIDES. 

1.  OXIDES  OF  Metals  of  thb  Gold,  Ibon,  ahd  Tin  Gboitfs. 

A.  ANHYDBOTJS  OXIDES. — (a)  Peotoxidbs. — Binary  compounds  of 

oxygen  with  a  univalent  or  bivalent  element.    Formula  EO  or  (E3O). 
Cuprite;  zincite;  tenorite. 

(b)  Sksquioxidbs. — Binary  compounds  of  oxyffen  with  a  sexivalent  ele* 
ment.  Formula  EOs.  Corundum;  hematite,  xhis  group  also  includes 
menaccanite  and  perofskitc. 

(c)  Compounds  of  Pbotoxides  and  SBSQtnoxtDEs. — Ternary  compounds 
of  oxygen  with  a  bivalent  and  a  sexivalent  element    Formula  EEO4  =z  EO 

Spinel  Chottp.  Isometric. — Spinel ;  jgahnite ;  magnetite ;  franklinite ; 
chromite.     Oi-tnorhombic— ChrysobervK 

(d)  Dkutoxidbs. — Binary  compounds  of  oxygen  with  a  quadrivalent  ele- 
laeiit.     Formula  EO2. 

Tetragonal. — liutUe  ffrot^.— Cassiterite  ;  rutile;  octal  edrite;  haus- 
mannite;  brannnite.     Orthorhombic. — Brookite;  pyroluiite. 

B.  HYDROUS  OXIDES.— Turgite.—Diaspore ;  gdthHe;  manganite.-^ 
lamonite. — Brucite  ;  gibbsito. — ^Psilomelane. 
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2.  OXIDES  OF  Metals  of  thb  Abssnio  ajxd  Sulphitb  Gboups. 
Isometric. — Arsenolite ;    senarmontite.      Orthorhombic  —  Clandetite  ; 

valentinite ;  bismite,  etc. 

3.  OXIDES  OF  THB  Oasbok-silioon  Group. — Quartz ;  tridymite ;  as- 
manite;  opaL 

XL  TEKNART  OXYGEN  COMPOUNDS. 

I.  SILICATES. — A  Akhydkoub  Silicates. 

(a)  BisiLioATBS. — Salts  of  meta-silicic  acid,  HiSiOg.  Quantivalent  ratio 
for  basic  elements  and  silicon,  1  :  2.  General  formula  SSiOs.  This  may 
be  written  :  K  |  O,  |  SiO,  to  indicate  that  part  only  of  the  oxygen  is  regarded 
as  linking  oxygen,  or,  taking  into  account  the  quantivalence  of  the  various 
basic  elements  that  may  be  present,  Bg,  oR,  /3K  |  O3 1  SiO. 

(a)  Amphibole  grovfp.  Pyroxene  section  (/A  /=  86®-88®).  Orthorhom- 
bic.  —  Enstatite ;  hypersthene.  Monocliuic.  —  Wollastonite ;  pyroxene ; 
acmite ;  cegirite.  Tricliuic. — Rhodonite  ;  babingtonite.  —  Spodumene ; 
}>etalite. 

(J)  JLwi^AiJ(?&«<9c^ion(;/A/=:123*'-126°).  Orthorhombic— Anthophyl- 
lite,  kupfierite.     MbnodiniOj  amphibole ;  art vedsonite. 

Beryl.    Eudialjite.     PoUucite. 

(/3)  Unisilicates. — Salts  of  the  normal  silicic  acid,  H4Si04.  Quantivalent 
ratio  for  basic  elements  and  silicon,  1  :  1.  General  formula  R|Si04.  This 
may  be  written  :  R^  I  O4  J  Si,  to  show  that  all  the  oxygen  is  regarded  as 
linking  oxygen,  or,  R|,aR,  ffR  |  O4 1  Si.  The  latter  formula  shows  that, 
though  elements  of  different  quantivalence  may  be  present,  the  same  uni- 
silicate  type  still  exists.  The  excess  of  silica  sometimes  present  in  both 
bisilicates  and  unisilicates,  as  well  as  other  deviations  fi*om  the  ordinary 
types,  are  remarked  upon  in  the  pages  which  follow. 

(a)  Chrysolite  group.  Orthorhombic,  /a/=  Or-OS"*;  OAl-i  =  124^- 
129°.— Chrysolite,  forsterite,  tephroite,  monticellite,  etc. 

(J)  WiUemite  group.  Hexagonal,  R  A  R  =  116*^-117**. — ^Willemite,  diop- 
tasc,  phenacite. 

(^^  Isometric.     Helvite.    Danalite,  R8Si04  4-RS. 

\(i)  Garnet  groiip.  Isometric. — Q.  ratio  for  R  :  B  :  Si  =  1 : 1 :  2.  Gen- 
eral formula  KgiiSisOia. 

(e)    Vesuvianite  group.  Tetragonal. — Zircon,  yesuvianite. 

(/ )  Epidote  group.  Anisometric. — Epidote ;  allanite ;  zoisite  ;  gadoli- 
nite;  ilvaitc. 


{&\  Triclinic.    Axinite.    Danburite. — (A)  lolite. 
Qc)  Mica  group,  It\I^=:> 


120^  Cleavage  basal  perfect;  optic  axis  01 
acute  bisectrix  normal  to  the  cleavage-plane. — Phlogopite ;  biotite ;  lepido 
melane  ;  muscovite ;  lepidolite. 

(?)  Scapolite.  group.  Tetragonal. — Sarcolite;  meionite;  wemerite; 
ekeoergite. 

(m)  IlexagonaL  Nephelite.  Isometric. — Sodalite  ;  hailynite ;  noeite  \ 
lencite. 
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Fddspar  group.  Monoclinic  or  triclinio.  /A /near  120** ;  Q.  ralio  for 
R  :  fi  =  1 :  3.  Anorthite ;  labradorite ;  andesite ;  hyalophanc ;  oligo- 
clase  ;  albite ;  oithoclase  (microcline). 

(7)  SuBsiLioATEs. — («)  Q.  Fatio  for  bases  to  silicon,  4  :  8.  Chondrodite 
Tourmaline. 

(d)  Q.  ratio  for  bases  to  silicon,  8  :  2.  Gehlenite. — Andalusite;  fibrolite; 
cjanite  (AlSiOe). — Topaz ;  eaclaso ;  datolite. — GoarinJte ;  titanite ;  keil- 
hauite ;  tsehefiPkinite. 

(0)  Q.  ratio  for  bases  to  silicon,  2  : 1.    Stanrolite. 

B.  Hydbous  Silicates — Qbksbal  Seotioh. 

BisiLioATES. — ^Pectolite ;  laamontite ;  okenite. — OhrysocoUa ;  alipite,  etc. 
Unisilioates. — Calamine;  prehnite. — ^Thorite.    Pjrosmalite. — ^Apophyl- 
lite. 
SuBsiLioATES. — ^Allophanc. 

Zeolite  Segtiok. 

Thorasonite  ;  natrolite  ;  scolecite  ;  mesolite. — ^Levynite. — Analcite.— 
Ohabazite ;  gmelinite ;  herschelite. — ^PhiUipsite. — Harmotome.— Stilbite ; 
heulandite. 

Mabgabophyllite  Sectiok. 

BisiLicATEs. — Talc.    Pyrophyllite. — -Sepiolite ;  glaaconite. 

Unx8ilioati*:8. — Serpentine  group.  Serpentine  ;  deweylite ;  genthite. 

Kaolinite  group.  Kaolinite ;  pholeiite ;  halloysite. 

Pinite  group.  JPinite,  etc. ;  palagonite. 

Hydro-mica  group.  Fablunite ;  raargarodite ;  damourite  ;  paragonite ; 
oookeite. — Hisingerit^. 

Chlorite  group.  Vermiculites,  Q.  ratio  of  bases  to  silicon,  1 :  1.  Pyro- 
sclerite ;  jenerisite,  etc. — Penninite. — ^Bipidolite ;  prochlorite. — Ohloritoid ; 
margarite.    Seybertite, 


2.  TANTALATES,  COLtTMBATES. 

Pyrochlore. — Tantalite;   columbite;  yttrotantalite  j    samarskite;  enxe- 
nite ;  SBschynite,  etc. 

3.  PHOSPHATES,  ARSENATES,  TANADATE8. 

AwHYDBotTs.— Xenotime  TaPjOj ;  pucherite*— Desclolzite. 
jET^a^o^^wiaZ.— Formula  8E8i(P,As,V)jOa+Il(Cl,F)a.      Apatite;   pyroraof 
phite;   mimetite;  vanadinite. 
Wagnerite;  raonazite.— Triphylite ;  triplite. — Amblygcnite  (Iiebronito) 
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Hydrous. — ^Pharmacolite;  bniBhite. — ^Vivianite:  orythrita — ^Libethinite; 
oliv^nite. — Lii-oconite  ;  pseudomalachite. — Glinoclasite. — ^Lazolite ;  scoro 
dite  ;  wavellite ;  pharmaoosiderite. — Childreuite. — TurquoiB ;  caoozenite. 
— T(»rbernite ;  autunite. 

Hydrous  antvinanate, — ^Bindheimite. 


4.  BORATES. 

SasBolite  ;   suflsexite  ;   ludwigite. — Boracite  ;   ulexite  ;   priceite. — War- 
wickite. 


5.  TTJNGSTATES,   general   formula   RWO4;    MOLYBDATES,  RM0O4; 

OHROMATES,  ECrO^. 

Wolframite ;  scheelite ;  stolzite. — Wolf enitc. — Grocoite ;  phoBiiicochroite. 


6.  SULPHATEa 

Anhydrous.— General  formula  ESO4.  Orthorhorabic  /A  /  =  100°-105^ 
— Barite ;  celestite  ;  anhydrite ;  anglesite ;  zinkoaite  ;  leadhillite. 

Caledonite. — Dreelite ;  susannite ;  connellite. — Glauberite ;  lanarkite. 

Hydrous  sulphates. — Mirabilite. — Gypsum.  — Poly  halite. — Epsomite. 

Copperas  group.  Chalcanthite,  CuS04-f6aq,  also  the  other  vitriolfli 
RS04-H7aq; 

Copiapite.— Aluminite. — Linarite ;  brochantite,  etc 

TsLLURi^TES. — Montanite,  BisTeOe+2aq. 


7.  CARBONATES. 

Anhydrous. — Caloite  group.  RhomboheditiL  General  formula,  RCOj. 
^-Galcite ;  dolomite  ;  maffuesite ;  siderite ;  rhodochrosite ;  smithaonite. 

Aragonite  group.  Orthorhombic. — Aragonito ;  witherite ;  sti-ontianite ; 
oerussite ;  baryto-calcite. — Phosgenite. 

Hydrous  oardonatks. — Gay lussite, — ^Hydromagnesite. — Hydrozincito ; 
malachite ;    aeurite. — ^Bismutite^  etc 


VI.  HYDROCARBON  COMPOUNDS. 


I.  NATIVE  ELEMENTS. 


Isometric.  The  octahedron  and  dodecahedron  the  moet  oomincn  fonna 
CrrBtals  eoinetiraes  acicnlar  throogh  elongation  of  octa-  415 

hearal  or  other  forms ;  also  passing  into  filiform,  reti- 
culated, and  arboi'eBcent  stiapes ;  and  occasionally 
spongiform  from  an  aggregation  of  filaments ;  edges  of 
crystals  often  salient  ^415).  Cleavage  none.  Twins : 
twinning-plane  octahedral.  Also  massive  and  in  thin 
laminee.  Often  in  flattened  grains  or  Bcales,  and  rolled 
masses  in  sand  or  gravel. 

H.=2-5-3.     G.=15-G-19-5  ;  19-30-19-34,  when  quite 
puro,  Ct.   Hoae.     Lnsti-e    metallic.     Color    and  streak 
varions  siiades  of  gold-yellow,  sometimes  inclining  to  silver-white.     Very 
ductile  and  malleable. 

OompOkllion,  TailatiM. — Qold,  bat  oontaining  sQTer  in  difterant  proportions,  and  BOme- 
IJmeaalMtra£eBofaoppeT,icon,biginnth(ma<doM(«),  palladium,  rhodium.  \az.  1.  Ordinarff, 
Containing  O'lU  to  IS  p.  o.  pt  lilver.  Color  va^ing:.  aooordingly,  from  deep  ^ld-fe11ow  to 
pale  yellow;  Q.  =  lG-15t!.  3.  Argtnt^feroiu ;  i'ie^rum.  Color  pale  jallow  to  jellowiBh 
frbite;  Q.  =15'5-1S'5.  BstioIorUiegold audsilvorof  1  :  1  aoiTeBpondatOtt5'5p.  a  of eilver, 
2  :  1,  to  21 -Op.  0. 

The  average  proportion  of  gold  in  the  natlTe  gold  of  California,  aa  derived  from  asBajB  of 
■everal  bandred  miUiona  of  dollars'  worth,  is  ^0  thoosandths ;  while  the  range  ia  mosti; 
between  HTO  and  890  (Prof.  J.  C.  Booth,  of  U.  S.  Hint).  The  range  in  the  metal  of  Australia 
ia  mostly  between  1)00  and  MO.  with  an  average  of  IlSfi.  Tbe  gold  of  the  Chaudifire.  Canada, 
contains  usually  10  to  IS  p  o.  of  silver  ;  while  that  of  Nova  Sootua  is  very  nearly  pnre.  The 
Chilian  e°\d  atlorded  Domeyko  &4  to  9S  per  cent,  of  gold  and  15  to  S  per  cent,  of  silvei. 
(Ann.  d.  Hines,  IV.  vl ) 

PyrosuoBtlo  and  other  Chamloal  Oharaoteri.—B.B.fuBea  easily.  Not  acted  on  by  fluxes. 
loaoluble  in  any  aingle  add ;  soluble  !□  nitro-hydrooblorio  add  (aqua-regia). 

D.ff, — Beadily  raoogpized  by  its  malleability  and  speoiBo  gravity.  Distingniahed  by  its 
insolubility  I'd  nitric  acid  from  pyrite  and  ahaloopyrit«. 

Observationi Native  gold  is  foond,  when  in  *itu,  with  comparHtively  stoall  exceptions, 

in  tbe  qunri  i  veins  that  intersect  metamorphic  rocks,  and  to  some  eiteut  in  tbe  wall  rock  oi 
these  veins.  Tbe  metamorphio  rockn  thus  intersected  are  mostly  ohloritlc,  talcoee,  and 
alliaceous  schist  of  dull  greeo,  dark  gray,  and  other  oolor« ;  also,  much  less  commonly, 
luica  and  bornblendic  schist,  gneiss,  dioryte,  porphyry ;  and  still  more  rarely,  granite.  A 
laminated  quartxyie,  called  itacolumyte,  is  common  ia  many  gold  regloDB,  ae  tboee  of  Bnuil 
and  North  Carolina,  aud  sometimes  specular  schists,  oralalj  rocks  oontaining  much  foliated 
■pccular  iron  l,hematit«),  or  magnetito  in  grains. 

The  gold  occurs  in  the  quarti  in  strings,  scales,  plates,  and  in  masses  which  are  sometimes 
an  agglomeration  of  crystals ;  and  tbe  scales  are  often  invisible  to  tbe  naked  eye,  massive 
ipiartz  that  apparently  contains  no  gold  frequently  yielding  a  considerable  percentage  to  the 
aB«Byer.  It  is  always  very  lnegulaily  distributed,  and  never  in  continuous  pure  bonds  ol 
metal,  likh  mauy  metallic  ores.  It  oocnra  both  disseminated  through  tbe  mass  of  tbe  quartz, 
and  in  it*  cavities.  The  associated  minerab  are :  pyrite,  which  tar  exceeds  in  quantity  all 
others,  and  is  generally  auri/erout ;  next,  ohalcopyrite,  galenit«,  sphalerite,  arseaopynte, 
each  frequently  auriferous  ;  often  tetradymite  and  other  t^urium  ores,  native  bismuth,  stib- 
nite.  msgnetite.  hematite ;   sometimes  badt«,  apatit«,  fluorite,  sideiite,  ohrysocolla. 

Tbe  gold  ot  tbe  world  haa  been  mostly  gathered,  noC  directly  from  the  quarti  veins,  bat 
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from  the  grayel  or  sands  of  riyers  or  vaUejs  in  anrlferons  regions,  or  tiie  slopes  of  motmlidiift 
or  hillB,  whose  rocks  contain  in  some  part,  and  generally  not  far  distant,  anriferons  Yeins , 
such  mines  are  often  called  aUuvial  washings  ;  in  Calif  omia  placer-diggings.  Most  of  the  gold 
of  the  Urals,  Brazil,  Australia,  and  all  other  gold  regions,  has  come  from  such  alluvial  wash- 
ings. The  alluvial  gold  is  usually  in  flattened  scales  of  different  degrees  of  fineness,  the  sixe 
depending  partly  on  the  original  condition  in  the  quarts  veins,  and  partly  on  the  distance  to 
which  it  has  been  transported.  Transportation  by  running  water  is  an  assorting  procoss  ;  thc» 
coarser  particles  or  largest  pieces  requiring  rapid  currents  to  transport  them,  and  dropping 
ft  rat,  and  the  finer  being  carried  far  awny — sometimes  Hcores  of  miles.  A  cavity  in  the  rocky 
slopes  or  bottom  of  a  valley,  or  a  place  where  the  waters  may  have  eddied,  generally  proves 
in  such  a  region  to  be  a  jxiket  full  of  gold. 

In  the  auriferous  sands,  crystals  of  zircon  are  very  common ;  also  garnet  and  cyanite  in 
grains;  often  also  moaazite,  diamonds,  topaz,  magnetite,  corundum,  iridosmine,  platinum. 
The  zircons  are  sometimes  mistaken  for  diamonds. 

Qold  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of  cryatal- 
line  rocks,  especially  those  of  the  semi-crystalline  schists^  and  also  in  some  of  the  large 
islands  of  the  world  where  such  rocks  exist.  In  £urope,  it  is  most  abundant  in  Hungary  and 
in  Transylvania ;  it  oocurs  also  in  the  sands  of  the  Rhine,  the  Beuss,  the  Aar,  the  Rhone,  and 
the  Danube ;  on  the  southern  slope  of  the  Pennine  Alps,  from  the  Simplon  and  Monte  Bosa 
to  the  valley  of  Aosta ;  in  Piedmont ;  in  Spain,  formerly  worked  in  Asturias ;  in  many  of  th« 
streams  of  Cornwall ;  near  Dolgelly  and  other  parts  of  North  Wales ;  in  Scotland ;  in  the 
county  of  Wicklow,  Ireland  ;  in  Sweden,  at  Edelfors. 

In  Asia,  gold  occurs  along  the  eastern  flanks  of  the  Urals  for  500  miles,  and  is  especially 
abundant  at  the  Beresov  mines  near  E^atharinenburg  (lat.  56°  40'  N.) ;  also  obtained  at  Petro- 
pavlovski  (60**  N.) ;  Nisohne  Tagilsk  (59''  N.) ;  Miask,  near  Slatoust  and  Mt.  Umen  (55*"  N., 
where  the  largest  Russian  nugget  was  found),  etc.  Asiatic  mines  occur  also  in  the  Cailaa 
Mountains,  in  Little  Thibet,  Ceylon,  and  Malacca,  China,  Corea,  Japan,  Formosa,  Snmataca, 
Java,  1  Borneo,  the  Philippines,  and  other  East  India  Islands. 

In  Africa,  gold  occurs  at  Kordof an,  between  Darf our  and  Abyssinia ;  also,  south  of  the 
Sahara  in  Western  Africa,  from  the  Senegal  to  Cape  Palmas  'y  in  the  interior,  on  the  Somat, 
a  day's  journey  from  Cassen  ;  along  the  coast  opposite  Madagascar,  between  82^  and  85°  S., 
supposed  by  some  to  have  been  the  Ophir  of  the  time  of  Solomon. 

In  South  America,  gold  is  found  in  Brazil ;  in  New  Granada ;  Ohili ;  in  Bolivia ;  sparingly 
in  Peru.  Also  in  Central  America,  in  Honduras,  San  Salvador,  Guatemala,  Costa  Rica,  and 
near  Panama  ;  most  abundant  in  Honduras. 

In  North  America,  there  are  numberless  mines  along  the  mountains  -ef  Western  America, 
and  others  along  the  eastern  range  of  the  Appalachians  from  Alabama  and  Greorgia  to  Labra* 
dor,  besides  some  indications  of  gold  in  portions  of  the  intermediate  Archean  region  about 
Lake  Superior.  They  occur  at  many  points  along  the  higher  regions  of  the  Rocky  Mountains, 
in  Mexico,  and  in  New  Mexico,  in  Arizona,  in  the  San  Francisco,  Wauba,  Yuma,  and  other 
districts ;  in  Colorado,  abundant,  but  the  gold  largely  in  auriferous  pyrite ;  in  Utah,  and 
Idaho,  and  Montana.  Also  along  ranges  between  the  summit  and  the  Sierra  Nevada,  in  the 
Humboldt  region  and  elsewhere.  Also  in  the  Sierra  Nevada,  mostly  on  its  western  slope 
(the  mines  of  the  eastern  being  principally  silver  mines).  The  auriferous  belt  may  be  said  to 
begin  in  the  Califomian  peninsula.  Near  the  Tejon  pass  it  enters  California,  and  beyond  for 
180  miles  it  is  sparingly  auriferous,  the  slate  rocks  being  of  small  breadth ;  but  beyond  this, 
northward,  the  slates  increase  in  extent,  and  the  mines  in  number  and  productiveness,  and 
iihey  continue  thus  for  200  miles  or  more.  Gold  oocurs  also  in  the  Coast  ranges  in  many 
Localities,  but  mostly  in  too  small  quantities  to  be  profitably  worked.  The  regions  to  the 
north  in  Oregon  and  Washington  Territory,  and  the  British  Poosessions  farther  north,  as  also 
our  possessions  in  Alaska,  are  at  many  points  auriferous,  and  productively  so,  though  to  a 
less  extent  than  California. 

In  eastern  North  America,  the  mines  of  the  Southern  United  States  produced  before  the 
California  discoveries,  in  1849,  about  a  million  of  dollars  a  year.  They  are  mostly  confined 
to  the  States  of  Virginia,  North  and  South  Carolina,  and  (Georgia,  or  along  a  hue  from  the 
Rappahannock  to  the  Coosa  in  Alabama.  But  the  region  may  be  said  to  extend  north  to 
Canada ;  for  gold  has  been  found  at  Albion  and  Madrid  in  Maine ;  Canaan  and  Lisbon,  N.  H.  ; 
Bridgewater,  Vermont ;  Dedham,  Mass  Traces  occur  also  in  Franconia  township,  Mont- 
^omc.r>7  Co. ,  Pennsylvania.  In  Canada,  gold  oocurs  to  the  south  of  the  St.  Lawrence,  in  the 
soil  on  the  Chaud*Are,  and  over  a  conBiderable  region  beyond.  In  Nova  Scotia,  mines  are 
worked  near  Halifax  and  elsewhere. 

In  Australia,  which  is  fully  equal  to  California  in  productiveness,  and  much  superior  in  the 
purity  of  the  metal,  the  principal  gold  mines  occur  along  the  streams  in  the  mountains  ot 
N.  S.  Wales  (S.  E.  Australia),  and  along  the  continuation  of  the  same  range  in  Victoria 
(S.  Auftxalia). 
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Isoiiietric  Cleavage  none.  Twins :  twinning-plane  octahedral.  Com- 
monly coai'8e  or  fine  filiform,  reticulated,  arborescent ;  in  the  latter,  the 
branches  pass  off  either  (1^  at  right  angles,  and  are  crystals  (usually  octa* 
hedroiis)  elongated  in  the  direction  of  a  cubic  axis,  or  else  a  succession  of 
partly  overlapping  crystals ;  or  (2)  at  angles  of  60°,  they  being  elongated  in 
the  direction  of  a  dodecahedral  axis.  Crystals  generally  obliquely  pro- 
longed or  shortened,  and  thus  greatly  distorted.  Also  massive,  and  in 
plates  or  superficial  coatings. 

H.=2*5-3.  G.=10'l-ll'l,  when  pure  10'5.  Lustre  metallic.  Color 
and  streak  silver-white ;  subject  to  tarnish,  by  which  the  color  becomes 
grayish-black.     Ductile. 

Oomp.,  Var. — Silver,  with  some  copper,  gold,  and  sometimes  platdniim,  antimony,  bismuth, 
meroaiy. 

Ordinary,  {a)  ciystaUized;  (b)  filiform,  arborescent;  (o)  massiye.  Auriferous.  Contains 
10  to  80  p.  c.  of  ffold  ;  color  wMte  to  pale  brass-yeUow.  There  is  a  gradual  passage  to  argen- 
tiferous gold.     Cupriferous.    Contains  sometimes  10  p.  c.  of  copper. 

P3rr.,  etc. — B.B.  on  charcoal  fuses  easUy  to  a  silver- white  globule,  which  in  O.F.  gives  a 
faint  dark- red  coating  of  the  oxide ;  crTstalUzes  on  cooling.  Soluble  in  nitric  acul,  and 
deposited  again  by  a  plate  of  copper. 

Obs. — Native  sUver  occurs  in  masses,  or  in  arborescent  and  filiform  shapes,  in  veins  travers- 
ing gneiss,  schist,  porphyiy,  and  other  rocks.  Also  occurs  disseminated,  but  usually  invisibly, 
in  native  copper,  galenlte,  chalcocite,  eta 

The  mines  of  Kongsberg,  in  Norway,  have  afforded  magnificent  specimens  of  native  silver. 
The  principal  Saxon  localities  are  at  Freiberg,  Schneeberg,  and  Johanngeorgenstadt ;  the 
Bohemian,  at  Przibram,  and  JoachimsthaL  It  aJso  occurs  in  smaU  quantities  with  other  ores, 
at  Andreasbeig,  in  the  Harz ;  in  Suabia ;  Hungary ;  at  AUemont  in  Dauphiny ;  in  the 
Ural  near  Beresof  ;  in  the  Altai,  at  Zm^off  ;  and  in  some  of  the  Cornish  mines. 

Mexico  and  Peru  have  been  the  most  productive  countries  in  silver.  In  Mexico  it  has 
been  obtained  mostly  from  its  ores,  while  in  Peru  it  occurs  principaUy  native.  In  Durango, 
Sinaloa,  and  Sonora,  in  Northern  Mexico,  are  noted  mines  affording  native  silver. 

In  the  United  States  it  is  disseminated  through  much  of  the  copper  of  Michigan,  occasion- 
aUy  in  spots  of  some  size,  and  sometimes  in  cubes,  skeleton  octahedrons,  etc. ,  at  various 
ujines.  In  Idaho,  at  the  *'  Poor  Man*s  lode,"  large  masses  of  native  silver  have  been  ob- 
tained. In  Nevada,  in  the  Comstock  lode,  it  is  rare,  and  mostly  in  filaments  ;  at  the  Ophir 
mine  rare,  and  disseminated  or  filamentous ;  in  California,  sparingly,  in  Silver  Mountain  dis* 
feriot,  Alpine  Co. ;  in  the  Maris  vein,  in  Los  Angeles  Co. ;  in  the  township  of  Ascot,  Canada. 


PLATXNnM. 


Isometric.  Rarely  in  cnbes  or  octahedrons.  Usually  in  grains ;  occa- 
nonally  in  irregular  Inmps,  rarely  of  large  size.     Cleavage  none. 

II.=4-4-5.  G.=16-19;  17-108,  small  grains,  17*608,  a  mass,  Breith. 
Lustre  metallic.  Color  and  streak  whitish  steel-gray  ;  shining.  Opaque. 
Ductile.     Fracture  hackly.    Occasionally  magneti-polar. 

Oomp. — Platinum  combined  with  iron,  iridium,  osmium,  and  other  metals.  The  amount 
of  iron  varies  from  4-20  p.  c 

Pyr.,  etc. — Infusible.  Not  affected  by  borax  or  salt  of  phosphomSf  except  in  the  state  ol 
flue  dust,  when  reactions  for  iron  and  copper  may  be  obtained.  Soluble  only  in  heated  nitro* 
h  ydrochlorio  add. 
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Diff. — DistingxuBhed  by  its  malleability,  high  specific  gravity,  infosibilitj,  and  entire  inool 
ability  in  the  onlinaiy  acids. 

Obs  — Platinnm  was  first  found  in  pebbles  and  small  grains  in  the  allnyial  deposits  of  thi 
riyer  Pinto,  in  the  district  of  Ghoco,  near  Popayan,  in  South  America,  where  it  received  ite 
name  plaUna,  from  pUita,  silf>er.  In  the  province  of  Antioquia,  in  Brazil,  it  has  been  found 
in  auriferous  regions  in  i^enite  (Boussingault). 

In  Russia,  it  occurs  at  Nischne  Tagilsk,  and  Goroblagodat,  in  the  Ural,  in  allnyial  materiaL 
Formerly  used  as  coins  by  the  Rassians.  Russia  affords  annually  about  800  cwt.  of  platinum, 
which  is  nearly  ten  times  the  amount  from  Brazil,  Columbia*  St.  Domingo,  and  Borneo. 
Platinu  m  is  also  found  on  Borneo ;  in  the  sands  of  tiie  Rhine ;  at  St.  Aray,  val  du  Droc ; 
county  of  VVicklow,  Ireland ;  on  the  riyer  Jocky,  St.  Domingo ;  in  California,  but  not  abun- 
dant :  in  traces  with  gold  in  Rutherford  Co.,  North  Carolina ;  at  St.  Francois  Beauoe,  etc., 
Canada  East. 

Platin  IRIDIUM.  — Platinum  and  iridium  in  different  pzoportiona.    Urals ;  Brazil. 

PALIiADIUM. 

Isometric.  In  minute  octahedrons,  Haid.  Mostly  in  grains,  sometimes 
composed  of  diverging  fibres. 

II.=4*5-5.  G.=ll"3-ll-8,  WoUaston.  Lustre  metallic.  Color  whitish 
steel-gray.     Opaque.     Ductile  and  malleable. 

Comp. — Palladium,  alloyed  with  a  little  platinum  and  iridium,  but  not  yet  analyzed. 

Obs.— PaUadium  occurs  with  platinum,  in  Brazil,  where  quite  large  masses  of  the  metal 
are  sometimes  met  with  ;  also  reported  from  St.  Domingo,  and  the  Ural 

Palladium  has  been  employed  for  balances ;  also  for  the  divided  scales  of  delicate  apparatosi 
for  which  it  is  adapted,  because  of  it«  not  bla<^ening  from  sulphur  gases,  while  at  the  same 
time  lb  is  nearly  as  white  as  silver. 

IRIDOSMINB.    Osmiridiiim. 

Hexagonal.  Earely  in  hexagoual  prisms  with  I'eplaced  basal  edges. 
Commonly  in  irregular  flattened  grains. 

H.=6-7.  G.=19-3-21'12.  Lustre  metallic.  Color  tin-white,  and  light 
steel-gray.     Opaque.     Malleable  with  difliculty. 

Comp.,  Var. — Iridium  and  osmium  in  different  proportions.  Two  varieties  depending  on 
these  proportions  have  been  named  as  species,  but  they  are  isomorphous,  as  are  the  metals 
(G.  Boee).     Some  rhodium,  platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.  1.  NeiJDJamkiU^'EB,idi.\  H.=7;  G.:^:  18 '8-19 '5.  In  flat  scales;  color  tin-white.  Over 
40  p.  c.  of  Iridium.    Probably  IrOs. 

2.  tH^serskiUy  Haid.  In  flat  scales,  often  six-sided,  color  grayish- white,  steel-gray.  G.  - 
30-21  '2.  Not  over  80  p.  q  of  iridium.  One  kind  from  Nischne  Tagilsk  afforded  Berzehus 
IrOs4=Iridiiun  19 '9,  osmium  801=100 ;  G.  =21 '118.  Another  corresponded  to  the  formula 
XrOs,. 

P3rr.,  etc. — At  a  high  temperature  the  siBserskite  gives  out  osmium,  but  undergoes  no 
further  change.  The  newjanskite  is  not  decomposed  and  does  not  give  an  osmium  odor  until 
fused  with  nitre. 

Diff. — Distinguished  from  platinum  by  its  superior  hardness. 

Obs. — Occurs  with  platinum  in  the  province  of  Ohoco  in  South  America ;  in  the  Ural  moun- 
tains ;  in  Australia.  It  is  rather  abundant  in  the  auriferous  beach -sands  of  northern  Cali- 
foruia,  occurring  in  small  bright  lead-colored  scales,  sometimes  six-sided.  Also  traces  in  tl»< 
gold-washings  on  the  rivers  du  Loup  and  des  Plantes,  Canada. 

MEROURT.    Qnicksilver.     Gediegeu  Quecksilber,  Oerm. 

leometric.    Occurs  in  small  fluid  globules  scattered  through  its  gaiiguu 
6. =13.568.    Lustre  metallic.     Color  tin- white.     Opaque. 


if 
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Oomp. — Pare  mercuzy  (Hg) ;  with  Bometiinefl  a  little  fdlver. 

Pyr.,  eta — B.B.,  entirely  yoUtUe.     Diasolyes  readily  in  nitrio  add. 

Obfl.— Mercury  in  the  metallio  state  is  a  rare  mineral ;  .the  qaicksilyer  ojP  conxmerce  is  ob- 
tained mostly  from  cinnabar,,  one  of  its  ores.  The  rooks  affordiiig  the  metal  and  its  ores  are 
mostly  cluy  shales  or  schists  of  different  geological  ogea 

Its  most  important  mines  are  those  of  Idria  in  Caxniola,  and  Almaden  in  Spain.  It  is 
found  in  small  quantities  in  Oarinthia,  Hnogaiy,  Pom,  and  other  countries ;  in  California, 
especially  in  the  Pioneei*  mine,  in  the  Napa  Valley. 


AMALOANL 

Isometric.  The  dodecahedron  a  common  form,  also  the  cube  and  octa 
hedron  in  combination  (see  f.  40,  41,  etc.,  p.  15).  Cleavage :  dodecahcdral 
in  traces.    Also  massive. 

H.=3-3*5.  G.=13.76-14.  Color  and  streak  silver-white.  Opaque. 
Fracture  conchoidal,  uneven.  Brittle,  and  giving  a  grating  noise  when 
cat  with  a  knife. 

Oomp. — ^Both  Ag  Hg  (=SilYer  85*1,  merouxy,  64*9),  and  AggHgt  (= Silver  26*5,  and  mer- 
enry,  73*5),  are  here  included. 

Pyr.,  etc, — ^B.B.,  on  charcoal  the  mercuzy  yolatilizes  and  a  globule  of  silver  is  left  In  the 
dosed  tube  the  mercuiy  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute  glo- 
bales.     Dissolves  in  nitric  acid. 

Obs. — From  the  Palatinate  at  Moschellandsberg.  Also  reported  from  Bosenau  in  Hungaiy, 
Bala  in  Hweden,  Allemont  in  Dauphin6,  Almaden  in  Spain. 

ABQUEBrrs. — Composition  Agi^Hg^silYer  86*6,  merouxy,  18*4=100.  ChiU.  EoNes- 
BSBGiTE,  AgisHg  (?)  Eongsbeig,  Norway. 


Isometric.  Cleavage  none.  Twins:  twinning-plane  octahedral,  very 
common.  Often  filifcrm  and  arborescent:  the  latter  with  the  braiiches 
passing  off  usually  at  60^,  the  supplement  or  the  dodecahcdral  angle.  Aiso 
massive. 

H.=:2'5-3.  G.=8'838,  Whitney.  Lustre  metallic.  Color  copper-red. 
Streak  metallic  shining.    Ductile  and  malleable.    Fracture  hackly. 

Oomp — Pure  copper,  but  often  containing  some  silver,  bismuth,  eto. 

Pyr.,  etc. — B.B.,  fuses  readily ;  on  cooling,  becomes  covered  with  a  coating  of  black  oxiae. 
Dissolves  readily  in  nitric  add,  giving  off  red  nitrous  fumes,  and  producing  a  deep  azure- blue 
solution  upon  the  addition  of  ammonia. 

Obs. — Copper  ocouia  in  beds  and  veins  accompanying  its  various  ores,  and  is  most  abundant 
in  the  vicinity  of  dikes  of  igneous  rooks.  It  is  sometimes  found  in  loose  masses  imbedded  in 
the  soil. 

Found  at  Turinsk,  in  the  Urals,  in  fine  cxystals.  Common  in  CoxnwaU.  In  Bradl,  Ohili, 
Bolivia,  and  Peru.    At  Walleroo,  Australia. 

This  metal  has  been  found  native  throughout  the  red  sandstone  (Trinasico-Jurassic)  region 
of  the  eastern  United  States,  in  Massachusetts,  Connecticut,  and  more  abundantly  in  New 
Jersey,  where  it  has  been  met  with  sometimes  in  fine  oiystalline  masses.  No  known  locality 
exceedjs  in  the  abxmdanoe  of  native  copper  the  Lake  Superior  copper  region,  near  Keweenaw 
Point,  where  it  exists  in  veins  that  intersect  the  trap  and  sandstone,  ai  d  where  masses  of 
Immense  sise  have  been  obtained.  It  is  associated  with  prehnite,  d  it  elite,  analoite,  laumon* 
tite,  pectolite,  epidote,  chlorite,  wollastonite,  and  sometimes  ooats  amygdules  of  oalcite, 
etc.,  in  amygdaloid.  Native  copper  occurs  sparingly  in  California.  Also  on  the  Gila  dvet 
bi  Azisona ;  in  large  drift  masses  in  Alaska. 

16 
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IRON.* 

Isometric.    Cleavage  octahedral. 

H.=4*5.  G.=7*3-7*8.  Lustre  metallic.  Color  iron-gray.  Streak  shin 
fug.    Fracture  hackly.     Malleable.     Acts  strongly  on  the  magnet 

Obs. — The  ooonrrenoe  of  maflses  of  natiye  iron  of  terrestrial  oxigin  has  been  seyeral  timet 
reported,  but  it  is  not  yet  plaoed  beyond  doubt.  The  presenoe  of  metallic  iron  in  grains  in 
basaltic  rocks  has  been  proved  by  several  observers.  It  has  also  been  noticed  in  other  related 
rocka  The  so-called  meteoric  iron  of  Ovifak,  Greenland,  found  imbedded  in  basalt,  is  con- 
sidered by  some  authors  to  be  terrestrial 

Meteoric  iron  usually  contains  1  to  20  per  cent,  of  nickel,  besides  a  small  percentage  of 
other  metals,  as  cobalt,  manganese,  tin,  copper,  chromium  ;  also  phosphorus  common  as  a 
phosphnret  (schreibersite),  sulphur  in  sulphurets,  carbon  in  some  instances,  chlorine.  Among 
large  iron  meteorites,  the  Gibbe  meteorite,  in  the  Yale  College  cabinet,  weighs  1,685  lbs. ;  it 
was  brought  from  Red  Bivez.  The  Tucson  meteorite,  now  in  the  Smithsonian  Institatioii, 
weighs  1,400  lbs. ;  it  was  originally  from  Sonera.  It  is  ring-shaped,  and  is  49  inches  in  its 
greatest  diameter.  Still  more  remarkable  masses  exist  in  northern  Mexico ;  also  in  Soatii 
America ;  one  was  discovered  by  Don  Rubin  de  OeUs  in  the  district  of  Ohaco-Gualamba, 
whose  weight  was  estimated  at  32,000  lbs.  The  Siberian  meteorite,  discovered  by  PaUas, 
weighed  originally  1,600  lbs.  and  contained  imbedded  crystals  of  chrysolite.  Smaller  maasea 
are  quite  common. 

Znfc-  -Native  zinc  has  been  reported  to  occur  in  Australia;  and  more  recently  Hr.  W. 
D.  Marks  reports  its  discovery  in  Tennessee,  under  droumstances  not  altogether  free  from 
doubt. 

Lead. — Native  lead  occurs  very  sparingly.  It  has  been  found  in  the  Urals,  in  Spain, 
Ireland,  etc.  Dr.  Genth  speaks  of  its  discovery  in  the  bed  rock  of  the  gold  placers  at  Gamp 
Greek,  Montana. 

Td  is  probably  only  an  artifioial  product. 


ARSBNIO. 

Ehombohedral.  ^  A  ^  =  85^  41',  0  r^  li  =  122^  9',  i  =  1-8779,  Miller. 
Cleavage :  basal,  imperfect.  Often  gmniilar  massive ;  sometiraes  reticu- 
lated, reniforin,  and  stalactitic.     Structure  rarely  columnar. 

H. = 3*5,  G. = 5'93.  Lustre  nearly  metal  lie.  Color  and  streak  tin-white, 
tainishing  soon  to  dark-gray.    Fracture  uneven  and  line  granular. 

Oomp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold,  or  bismuth. 

Pyr. — B.B.,  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  arsenous  oxide, 
and  affords  the  odor  of  garlic ;  the  coating  treated  in  R.F.  volatilises,  tinging  the  flame  blue. 

Obs. — Native  arsenic  commonly  occurs  in  veins  in  crystalline  rooks  and  the  older  schists, 
and  is  often  accompanied  by  ores  of  antimony,  red  silver  ore,  realgar,  sphalerite,  and  other 
metallic  minerals. 

The  silver  mines  of  Saxony  afford  this  metal  in  considerable  quantities ;  also  Bohemia,  the 
Hars,  Transylvania,  Hangaiy,  Norway,  Siberia;  occurs  at  Chanarcillo,  and  elsewhere  in 
Ghili;  and  at  the  mines  of  San  Augustin,  Mexico.  In  the  United  States  it  has  beeo 
observed  at  OaverhiU  and  Jabkson,  N.  H.,  at  Greenwood,  Ma. 

AMTIMONT. 

Ehombohedral.  ^  A  J?  =  87°  35',  Kose ;  OaR  =  123^  32' ;  ^  =  1-3068. 
a  A  2  =  89**  26'.  Oleavaee :  basal,  highly  perfect ;— J  distinct  Grenerally 
maesive,  lamellar ;  sometimes  botryoidal  or  roniform  with  a  granular  textnre 

*  The  asterisk  in  this  and  similar  cases  indicates  that  the  species  is  mentioned  again  in 
the  Supplementary  Chapter,  pp.  4^  to  440. 
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H.=8-8-5.  G.=6'846-6-73.  Luatre  metallic  Color  and  streAk  tiii- 
whito.    Very  brittle. 

Oomp, — Antimony,  containing  sometimes  sHver,  iron,  or  axsenia 

Pyr, — B.B.,  on  charooal  fnses,  gives  a  white  coating  in  both  O.  and  R.F. ;  if  the  bloving 
be  intermitted,  the  globule  oontinues  to  glow,  griving  off  white  fames,  until  it  is  finally  crusted 
OYur  with  prismatic  crystals  of  antimonous  oxide.  The  white  coating  tinges  the  B.F.  bluish- 
green.     C^stallizes  readily  from  fusion. 

Occurs  near  Sahl  in  Sweden ;  at  Andreasberg  in  the  Harz ;  at  Pzribram ;  at  Allemont  in 
Dauphiny;  in  Mexico;  Chili;  Borneo;  at  South  Ham,  Canada;  at  Warren,  N.  J.,  rare;  at 
Prince  WiUiam  antimony  mine,  N.  Brunswick,  rare. 

ALLEHONTrrB.~Arsenical  antimony,  SbAst.  Color  tin-white  or  reddiah-graj.  OoonxBaft 
Allemont ;  in  Bohemia ;  the  Harz, 


BISBCUTEL    Gediegen 'VHsmnth,  Oerm*, 

Hexagonal,  RhR^SV 40', G. Rose ;  OaB=  123'  86' ;  (5  =  1-3036. 
deavago :  basal,  perfect ;  2,  —2,  less  so.  Also  in  reticnlated  and  arbores- 
cent shapes ;  foliated  and  granular. 

H.=2-2'5.  G.=9-727.  Lustre  metallic.  Streak  and  color  silver-white, 
with  a  reddish  hue ;  subject  to  tarnish.  Opaque.  Fractui*e  not  observable. 
Sectile.     Brittle  when  cold,  but  when  heated  somewhat  malleable. 

Oompu,  Van — ^Pare  bismuth,  with  occasional  traces  of  arsenic,  snlphor,  teUnrtnm. 

Pyr.,  etc — B.B.,  on  charcoal  fuses  and  entirely  yolatilizes,  giving  a  coating  orange-yellow 
while  hot,  and  lemon-yellow  on  cooling.  Dissolves  in  nitric  acid ;  subsequent  dilution  canaet 
a  white  precipitate.     Crystallises  readily  from  fusion. 

I>lff. — ^Distinguished  by  its  reddish  color,  and  high  specific  graTity»  from  the  other  brittle 
metnls. 

Obs. — Bismuth  occurs  in  yeins  in  gneiss  and  other  crystalline  rocks  and  clay  slate,  accom- 
pnnying  various  ores  of  silver,  cobalt,  lead,  and  zinc.  Abxmdant  at  the  silver  and  cobalt 
mines  of  Saxony  and  Bohemia ;  also  found  in  Norway,  and  at  Fi^un  in  Sweden.  At  Wheal 
Spamon,  and  elsewhere  in  Cornwall,  and  at  Carrack  Fell  in  Cumberland  ;  at  the  AUas  mine, 
Devonshire ;  at  Meymac,  Corrdze ;  at  San  Antonio,  Chili ;  Mt.  Hiampa  (Sorata),  in  Bolivia ; 
in  Victoria. 

At  Lane^s  mine  in  Monroe,  and  near  Seymour,  Conn.,  in  quarts ;  ooonrs  also  at  Brewer's 
Bkiney  Chesterfield  district,  South  Carolina ;  in  Colorado. 


TELLURIUM.* 

Hexagonal,  J? A ^  =  86*^  67',  G.  Eose ;  OAJi  =  123'  4',  i  =  1-3302. 
In  six-sided  prisms,  with  basal  edges  replaced.  Cleavage :  lateral  perfect, 
basal  imperfect     Commonly  massive  and  ffrannlar. 

H.=2-2*5.  G,=6-l-6'3."  Lustre  raetalTio.  Color  and  streak  tin-white 
Brittle. 

Oomp.— According  to  Klaproth,  Tellurium  02*55,  iron  7*20,  and  gold  0*25. 
Pyr. — In  the  open  tube  fuses,  giving  a  white  sublimate  of  tellurous  oxide,  which  B.B. 
fuses  to  colorless  transparent  drops.    On  charcoal  fuses,  volatilizes  almost  entirely,  tinges  the 
flame  green,  and  gives  a  white  ooatinff  of  tellurous  oxide. 

Obs. — Native  tellurium  occurs  in  Transylvania  (whence  the  name  Sylvanite) ;  also  at  the 
Red  aoud  mine,  near  Gold  Hill,  Boulder  Co.,  Colorado. 
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NATIVH  smfHinL 

Orthorhombic.  TaI  =  101°  46',  (?Al-t  =  113"  6';  i:^:d=  2-844  ■ 
1-23  :  1.     OM-i~  117°  41' ;  O  a  1  =  108'  19'. 

Cleavage:    /,    and    1,   imperfect.      Twins, 

41«  417  composition-face,  /,  eometimee  producing  crnci- 

.  form  crystals.     Also  massive,  Boraetimes  con 

/j\  sisting  of  concentric  coats. 

/iJW  H.  =  l-5-2-5.      G.  =  2-072,  of  crystals  from 

TT^/  Spain.     Lnatre   resinous.     Streak  enlphnr-yel- 

\\h/  low,   Bometimee   reddish  or  greenish.     Trans- 

W/  pnrent — subtranslucent     Fractnre   conchoidal, 

*  more  or  less  perfect.     Sectile. 

Oomp Fnre  saJplinE ;  bat  often  aoauuninated  with  cIat  or  bitnmBn. 

Pyr.,  ato.— Bums  at  ft  low  tempenture  with  a  bluish  name,  with  the  itnmg  odor  of  ral- 
pbarous  oxide.  Beoomea  reaiiioiial;  electrified  bj  friotion.  InBulable  in  water,  and  not 
acted  on  by  the  acids. 

Oba. — Solphnr  is  dimoTphoiu.  ttto  OTTHtals  being  mtmoclinio  when  formed  at  a  moderately 
hi^h  temperature  (126°  0.,  aooording  to  Frankenheim). 

The  great  lepoaitoiies  of  nulphar  ure  either  beds  of  gypanm  and  the  aBBOciat«  cooka,  or  Hie 
te^oni  of  active  and  extinct  voIcanoeB.  In  the  Talley  of  Noto  and  Haiarro,  in  isicil;;  at 
Craiil,  near  Cadiz,  in  Bpaio  ;  Bex.  in  Switzerland  ;  Cracow,  in  Pohmd.  it  oconre  in  the  fonnet 
aitaation  ;  also  Bologua,  Ital;.  Sioilf  and  the  aeighboring  volcauio  iales;  the  9olfatara,  near 
Naples ;  the  volcanoes  ot  the  Pacifio  ooean,  etc,  are  loc^lies  of  the  latter  kind.  Abundant 
in  the  Chilian  Andes. 

Sutphor  is  found  near  the  solphnr  springs  of  Ifew  York,  Virginia,  eto. ,  sparingly ;  In  many 
cool  deposits  and  elsewhere,  where  pyrite  is  nndergoing^  decompositioo :  at  the  hot  spring* 
and  geysers  of  the  Yellowstone  park  ;  in  Oalifomia,  at  the  geysers  of  Napa  valley,  Sonoma 
Co. ;  in  Santa  Barbara  in  good  crystals  ;  near  Clear  lake.  Lake  Co.  ;  in  Nevada,  in  Hnmboldt 
Co. .  in  large  beds ;  Nye  and  Esmeralda  Cos. ,  etc 

I^e  snlpbnr  mines  of  Sicily,  the  crater  of  Ynioano,  the  Bolfatara  near  Naples,  and  the  beds 
of  California,  aflord  U^^  qnantities  of  snlphnr  for  at 


DIAMOND.* 

Isometric    Often  tetrahedral  in  planes,  1,  2,  and  3-|.     Usnally  wit^ 


curved  faces,  a»  in  f .  419  (3-J) ;  f.  420  is  a  distorted  fonn.     Cleavage : 
octahedral,  highly  perfect     Twins:  twinning-plane,  octahedral;  f.  418,  it 
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an  elliptic  twin  of  f.  419,  the  middle  portion  between  two  opposite  sets  of 
gixplanes  being  wanting.    Karely  massive. 

EL=10.  G.=3.5295,  Thompson.  Lustre  brilliant  adamantine.  Color 
white  or  colorless :  occasionally  tinged  yellow,  red,  orange,  green,  blue, 
brown,  sometimes  black.  Transparent ;  translucent  when  dark  colc»red. 
Fracture  eonchoidal.  Index  of  refraction  2*4.  Exhibits  vitreous  electricity 
when  rubbed. 

Comp. — Pure  carbon,  isometrio  in  cxystalluation. 

Var. — J .  Ordinary,  or  crystaUized.  The  crystals  often  contain  nomeroas  microscopio  oavi- 
ties,  ad  detected  by  Brewster ;  and  aronnd  these  cavities  the  diamond  shows  evidence,  hy 
polarized  light,  of  compression,  as  if  from  pressure  in  the  included  gas  when  the  diamond 
was  crystallized.  The  coarse  varieties,  Which  are  unfit,  in  consequenoe  of  imperfections,  for 
use  in  jewelry,  are  called  boH  ;  they  are  sold  to  the  trade  for  cutting  purposes. 

2.  Massive,  In  black  pebbles  or  masses,  called  aE7'^na<2(?,ocoasionaUy  1,000  carats  in  weigh! 
H  =10  ;  a.  =8  012-8  416.    Gonsiats  of  pure  carbon,  excepting  0*27  to  2*07  p.  c.  (Brasil). 

3.  Ant/tradUc.  Like  anthracite,  but  hard  enough  to  scratch  even  the  diamond.  In  glo- 
bules or  mammillary  masses,  consisting  partly  of  concentric  layers ;  fragile  ;  G.=1'66;  com- 
position. Carbon  97,  hydrogen  0*5,  oxygen  1  '5.  Out  in  facets  and  polished,  it  refracts  and 
disperses  light,  with  the  white  lustre  peculiar  to  the  diamond.  Locality  unknown,  but  sup- 
posed to  come  from  Brazil. 

Pyr.,  etc. — Burns,  and  is  wholly  consumed  at  a  high  temperature,  producing  carbonic 
dioxide.     It  is  not  acted  on  by  acids  or  alkalies. 

DifiE. — Distinguished  by  its  extreme  hardness,  brilliancy  of  reflection,  and  adamantine  lustre. 

Obs. — The  diamond  often  occurs  in  regions  that  afford  a  laminated  granular  quartz  rociL, 
called  itaeoiumyts,  which  pertains  to  the  talcoee  series,  and  which  in  thin  slabs  is  more  or 
less  flexible.  This  rock  is  found  at  the  mines  of  BrazU  and  the  Urals ;  and  also  in  Georgia 
and  North  Carolina,  where  a  few  diamonds  have  been  found.  It  ha-j  also  been  detected  in  a 
species  of  conglomerate,  composed  of  rounded  siliceous  pebblea.  quartz,  chalcedoDy,  etc., 
cemented  by  a  kind  of  ferruginous  clay.  Diamonds  are  usually,  however,  washed  out  from 
the  soil.  The  Ural  diamonds  occur  in  the  detritus  along  the  Adolfskoi  rivulet,  where  worked 
for  ^old,  and  also  at  other  places.  In  India  the  diamond  is  met  with  at  Furteal,  between 
Hyderabad  and  Masulipatam,  where  the  famous  Kohinoor  was  found.  The  locality  on  Borneo 
is  at  Pontiana,  on  the  west  side  of  the  Ratooe  mountain.     Also  found  in  Australia. 

The  diamond  region  of  South  Africa,  discovered  in  18(57,  is  the  most  productive  at  the 
present  time.  The  diamonds  occur  in  the  gravel  of  the  Vaal  river,  from  Potchefstrum,  cap- 
ital of  the  Transvaal  Republic,  down  its  whole  course  to  its  junction  with  the  Orange  river, 
and  thence  along  tha  latter  stream  for  a  distance  of  60  miles.  In  addition  to  this  the  dia- 
monds are  found  also  in  the  Orange  River  Republic,  in  isolated  fields  or  Pans,  of  which  Du 
Toit^s  Pan  is  the  most  famous.  The  number  of  diamonds  which  have  been  found  at  the  Cape 
is  very  large,  and  some  of  them  are  of  considerable  size.  It  has  been  estimated  that  the  value 
of  those  obtained  from  March,  18()7,  to  November,  1875,  exceeded  sixty  millions  of  dollars. 
As  a  consequence  of  this  production  the  market  value  of  the  stones  has  been  much  dimin- 
ished. 

In  the  United  States  a  few  crystals  have  been  met  with  in  Rutherford  Co.,  N.  C. ,  and  Hall 
Co.,  (^a. ;  they  occur  also  at  Portia  mine,  Franklin  Co.,  N.  C.  (Genth) ;  one  handsome  one, 
over  ^  in.  in  diameter,  in  the  village  of  Manchester,  opposite  Richmond,  Ya.  In  California, 
at  Cherolgse  ravine,  in  Butte  Co.  ;  also  in  N.  San  Juan,  Nevada  Co.,  and  elsewhere  in  the 
gold  washings.     Reported  from  Idaho,  and  with  platinum  of  Oregon. 

The  largest  diamond  of  which  we  have  any  knowledge  is  mentioned  by  Tavemier  as  in 
pooseesion  of  the  Great  Mogul  It  weighed  originally  900  carats,  or  2769  -8  grains,  but  was 
reduced  by  cutting  to  861  grains.  It  has  the  form  and  size  of  half  a  hen^s  egg.  It  was  found 
in  1550,  in  the  mine  of  Colone.  The  Pitt  or  Regent  diamond  weighs  but  186  25  carats,  or 
4l9i  grains  ;  but  is  of  unblemished  transparency  and  color.  It  is  cut  in  the  fonn  of  a  bril- 
liant, and  its  value  is  estimated  at  £125,000.  The  Kohinoor  measured,  on  its  arrival  in  Eng- 
land, about  1 1  inches  in  its  greatest  diameter,  over  |  of  an  inch  in  thickness,  and  weighed 
L867J T  carats,  and  was  cut  with  many  facets.  It  has  since  been  recut,  and  reduced  to  a  dia- 
meter of  l-,^^'  by  If  nearly,  and  thus  diminished  over  one-third  in  weight.  It  is  supposed  by 
Mr.  Tennant  to  have  been  originally  a  dodecahedron,  and  he  suggests  that  the  great  Rusbian 
diamond  and  another  large  slab  weighing  180  carats  were  actually  cut  from  the  orig^inal  dode- 
cahedron. Tavemier  gives  the  original  weight  at  787^  carats.  The  Rajah  of  Mattan  has  in 
his  possession  a  diamond  from  Borneo,  weighing  307  carats.  The  mines  of  Brazil  were  not 
known  to  afford  diamonds  till  the  oommenoement  of  the  eighteenth  oentu^. 
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ORAPUITil.    Flambaga 

Hexagonal.  In  flat  six-sided  tables.  The  basal  planes  {O)  are  often 
striated  parallel  to  the  alternate  edges.  Cleavage :  basal,  perfect.  Com- 
monly in  imbedded,  foliated,  or  gi*analar  masses.  Earely  in  globular  con- 
cretions, radiated  in  strncture. 

H.=l-2.  G.=2-09-2-229.  Lustre  metallic.  Streak  black  and  shining. 
Color  iron-black— dark  steel-gray.  Opaque.  Sectile ;  soils  paper.  Thiii 
laminffi  flexible.    Feel  greasy. 

Var« — (a)  Foliated ;  (b)  oolnnmar,  and  sometimea  radiated ;  (6)  Bcalj,  xnaasiYe,  and  slaty  ; 
(<2)  grannlar  maesive ;  {e)  earthy,  amorphous,  without  metallic  lustre  except  in  the  streak ; 
(/)  in  radiated  conoretiona 

Oompi — ^Pure  carbon,  with  often  a  little  iron  sesquiozide  mechanioallj  mixed. 

Pyr.,  etc. — ^At  a  high  temperature  it  bums  without  flame  or  smoke,  leaving'  usually  somo 
red  oxide  of  iron.  B.B.  infusible ;  fused  with  nitre  in  a  platinum  spoon,  deflagrates,  com- 
Terting  the  reagent  into  potassium  carbonate,  which  effervesces  with  adds.  Unalteied  by 
adds. 

Dift— See  molybdenite,  p.  288. 

ObS4— Graphite  occurs  in  beds  and  imbedded  masses,  laminss,  or  scales,  in  granite,  gneiBS, 
mica  schists,  oiystalline  limestone.  It  is  in  some  places  a  result  of  the  iteration  by  heat  of 
the  coal  of  the  coal  formation.  Sometimes  met  with  in  greenstone.  It  is  a  common  fuma«e 
product. 

Occurs  at  Borrowdale  in  Oumberland ;  in  Qlenstrathfarrar  in  Invemesshire  ;  at  Arendal  in 
Norway;  in  the  Urals,  Siberia,  Finland;  in  various  parts  of  Austria;  Prussia;  Franoe. 
Large  quantities  are  brought  from  the  Bast  Indies. 

In  the  United  States,  the  mines  of  Sturbridge,  Mass.,  of  Tioonderoga  and  Fiahkill,  N.  Y.^ 
of  Brandon,  Vt.,  and  of  Wake,  N.  C,  are  worked ^  and  that  of  A^ord,  Conn.,  formerly 
Afforded  a  large  amount  of  graphite.     It  occurs  spanngly  at  many  other  looalitiefl. 

The  name  black  Uad^  applied  to  this  species,  is  inappropriate,  as  it  contains  no  laad.  TIm 
name  graphite,  of  Werner,  is  derived  from  ypd^^  to  wrUe, 

Kocdenskiold  makes  the  gn^iihite  of  Brsby  and  Stoigaid  manoeUnie, 


II.  SULPmDES,  TELLURIDES,  SELENIDES,  ARSEN- 
IDES, BISMUTHIDES. 

1.  BINARY  COMPOUNDS. — Sulphides  and  Tsllttsides  of  the  Mbtals 

OF  THB  SULPHUB  AKD  AbSBNIO  GBOU^. 


MonocHnic.     C^  66**  ^\InI=  74^  26',  Marignac,  Scacchi,  (? A 14  =s 
138°  21' ;  r  :  J  :  d  =  0-6755  : 0-6943 : 1.   Habit  pria- 
matic.    Cleavagje  :  i-t,   0  rather  perfect ;  I,  iri  in 
traces.     Also  granular,  coarse  or  nne  ;  compact. 

H.=l-5-2.  G.=3*4-3-6.  Lnstre  resinoos.  Color 
auroi-a-red  or  orange-yellow.  Streak  varying  from 
orange-red  to  aurora-red.  Transparent — translu- 
cent.   Fracture  conchoidal,  uneven. 

Oomp.~ABS=Sulphiir  29.9,  azsenio  70*1=100. 

Pyr.,  etc. — In  the  closed  tube  melts,  yolatilizeB,  and  giyes  a 
transparent  red  sublimate  ;  in  the  open  tube,  salpharons  fames, 
uid  a  white  ciystalline  sublimate  of  aisenous  oxide.    B.B.  on 

jharcoal  burns  with  a  blue  flame,  emitting  arsenical  and  sulphurous  odors.     Soluble  in  oaustii 
alkalies. 

Obs. — Occurs  with  ores  of  sUver  and  lead,  in  Upper  Hungary  *  in  Transylvania ;  at  Joachima- 
tlial ;  Schneebeig ;  Andreasberg ;  in  the  Binnenthal,  Switzerland,  in  dolomite  ;  at  Wieslodh 
in  Baden ;  near  Julamerk  in  Eoordistan ;  in  Vesuvian  lavas,  in  minute  ozystaLs. 


ORPIBSBNT.* 


Orthorhorabic.  7a7  =  100^  40',  Oa1-;  =  126*^30',  Mohs.  h\l\&^ 
1*3511  :  1*2059  :  1.  Cleavage :  i-i  liiffhly  perfect,  i-i  in  traces,  i-l  longi- 
tudinally striated.  Also,  massive,  foUated,  or  columnar ;  sometimes  reni- 
form. 

H.=l-5-2.  G.=3"48,  Haidinger.  Lustre  pearly  upon  the  faces  of  per- 
fect cleavage ;  elsewhere  resinous.  Color  several  shades  of  lemon-yellow. 
Streak  yellow,  commonly  a  little  paler  than  the  color.  Sub  transparent — 
Biibtranslncent  Sub-se^tile.  Thin  laminso  obtained  by  cleavage  flexible 
bnt  not  elastic. 

Comp. — ^As3S8= Sulphur  89,  arsenic  61=100. 

Pyr.,  etc. — In  the  closed  tube,  fuses,  volatilizes,  and  gives  a  dark  yellow  sablimate ;  other 
Max^ns  the  same  as  under  realgar.    Dissolves  in  nitro-hydrochloric  add  and  caustic  alkalies. 

Obs  — Orpiment  in  sm&U  crystals  is  imbedded  in  clay  at  Tajowa,  in  Upper  Hungary.  It  ia 
usually  in  foliated  and  fibrous  masses,  and  in  this  form  is  found  at  Kapnik,  at  Moldawa,  and 
at  Felsbbanya ;  at  Hall  in  the  Tyrol  it  is  found  in  gypsum  ;  at  St.  Gtothazd  in  dolomite  ;  al 


^ 
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which  was  giyea  in  kUnsion  to  the  color,  and  ftlao  bi 
tain  goM. 
DIHOKPHITB  of  Soacohi  may  b«,  ocooiding  to  Kenngott,  a  Taiie^  of  orpimenb. 

S^SNITU,    Andmonile.  Qn;  Antimon?.  Antinioiiy  GUnoe.  Aatunonglani,  Otrm. 

Orthorhorabic.    /A/=  90"  54',  OAl-t  =  134''16',Krenner;  i:l:d  = 
1-0259  : 1-0168  : 1.      Oa1  =  124° 
438  45';  (?Al.f  =  184''42i'. 

Lateral  planee  deeply  Btriated 
longitudinally.  Cleavage :  i-{  highly 
penect.  Often  columnar,  coarae  ur 
fine  ;  also  granular  to  impalpable. 

H.=2.  G. =4-516,  Hauy.  Lu8ti« 
metallic.  Color  and  Btreak  lead- 
gmy,  inclining  to  steel-gray :  sub- 
ject to  blackish  tarniEli,  sometimes 
ii-ideecent.  Fractm-e  small  sub-oon- 
clioidal.  Sectile.  Thin  lamiura  a 
X/"  little  flexible. 

Comp.— Sh,S,=Sulpbnr282,  wtamoD?  71-8=100. 

Fjrr.,  etc. — In  tha  open  tube  sulphurous  aod  ontimonouB  fumes,  the  latter  condeiudng  aaa 
n-hite  sublimate  which  B.B.  is  nan-Tolatile.  On  charoonl  fuses,  spiesda  out,  gives  Ealphnrooa 
and  antimououa  fumes,  coats  the  cosl  white ;  this  coating'  treated  in  B.F.  tinges  the  flame 
(fieenish-blue.     Pub.  =  1.     When  pure  perfectly  aoluhle  in  hydroohloric  at^. 

OiB. — Distinguished  b;  its  perfect  cleavage ;  also  b;  its  extreme  fusibilitf  and  other  blow- 
pipe chBractera. 

Ob,.— Oooora  with  spathic  iron  in  beds,  but  geuerally  in  xeiuB.  Often  asaooiated  with 
blfeiide,  barite,  and  quartz. 

Met  with  in  veins  at  Wolfabcrg.  in  the  Han  -  at  Bniunsdorf ,  near  Freiberg ;  at  Prabram ; 
in  Hungary;  at  Pereta,  in  Tnscanj;  in  the  XJrals  ;  in  Dumfriesahiie ;  in  GomwalL  Aim) 
fonnd  in  different  Meiioou  mines.     Also  abundant  in  Borneo. 

In  the  United  States,  it  occurs  sparingly  at  Catmel,  Me.  j  at  Comish  and  Lyme,  N.  H,  [ 
at  "  Soldier's  Delight,"  Md.  ;  in  the  Humboldt  mining  region  in  Nevada  ;  also  in  tbe  mines 
of  Aurora,  Eiimeralda  Co. ,  Nevada.  Also  found  in  New  Bronswicli:,  20  m.  from  Fredeiicton, 
S.  W.  aide  ot  St  John  R. 

This  ore  affords  mnch  of  the  antimony  of  commerce.  The  crude  antimony  of  the  ahope  is 
(ibt.iined  by  simple  fusion,  whioh  sepnTates  the  acoompanying  rook.  From  this  product  moat 
■if  the  phaimoceuticBl  preparations  of  antimony  are  made,  and  the  pore  metal  extracted. 

LiviNORTONnB  {Barcena). — Eesembles  stibnite  In  physical  oharacters,  bat  haa  a  red 
streak,  and  contains,  besides  sulphur  and  antimony,  14  p.  o.  mercury.  Haittnao,  Btato  ot 
Queirero,  Mexico.  See  p.  4S0. 


EISBHTTHINITE.    Biamnth  Glanoe,     Wkmnthglani,  Oerm. 

Orth arhombic.  /A  /  =  91"  30',  Haidinger.  Cleavage:  bracbydiagonal 
perfect ;  macrodia^onal  less  so  ;  basal  perfect.  In  auiciilar  crystals.  Also 
mascive,  with  a  foliated  or  fibrous  sti-uctnre. 

n.=  2.  G.=6-4-6-459 ;  7*2;  7-16,  liolivia,  Forbes.  Lnatre  metellio. 
titi-cak  and  color  lead-gray,  inclining  to  tin-white,  with  a  yellowiah  or  ir^ded' 
cent  tarnish,     Opai^ue. 


BULPHIDESy  TBLLTTBIDBSj  8ELE£1U>B8|  BTOL  233 

Oomp, — BiaS8=SalpliTir  18*75,  bismuth  81 '25=100 ;  isomorpliDiu  with  stifanite. 

Pyr^  etc. — In  the  open  tube  sulphurous  fumes,  and  a  white  sublimate  which  B.B.  fuses 
iDto  drops,  brown  while  hot  and  opaque  yellow  on  oooling.  On  oharooal  at  first  gives  sul- 
phurous fumes,  then  fuses  with  spirting,  and  ooats  the  ooal  with  yellow  bismuth  oxide. 
Fus.  =1.  DisBolTes  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting  witii 
water. 

Obs. — Found  at  Brandy  Qill.  Oarrock  Fells,  in  Cumberland  ;  near  Redruth ;  at  Botallack 
near  Land's  End ;  at  Herland  Mine,  Gwennap ;  with  childrenite,  near  OalUngtou  ;  in  Saxony; 
at  Riddarhyttan,  Sweden ;  near  Sorata,  Bolivia.  Occurs  in  Rowan  Co.,  N.  C. ,  at  the  Bam- 
hardt  vein ;  at  Haddam,  Ct. ;  Beaver  Co.,  Utah. 

GUANAJUATiTB  ;  FrenzdUe.  Fernanda,  1878 ;  CasHOo,  1878 ;  Fremd,  1874— A  bismuth 
selenide,  BisSos ;  sometimes  with  part  of  the  selenium  replaced  by  sulphur,  that  is,  Bis(Se,S)t, 
with  Se  :  S=3  :  2,  which  requires  Selenium  23'8,  sulphur  0*5,  bismuth  697=100.  Isomor- 
phous  with  stibnite  and  bismuthinite  {Sehrauf),  Quanajuato,  Mexico.  Bilaonitb  from 
Guanajuato  is  BiaSe  (Fernandez).  See  p.  428. 


TBTRABTMI'ill,    TeUurwismuth,  Qerwk 

Hexagonal.  OAli  =  118°  38',  ^  A  .B  =  81^  2' ;  ^  =  1-6865.  Crystals 
often  tabular.  Cleavage :  basal,  verv  perfect.  Also  massive,  foliated,  or 
granular. 

H.=l-5-2.  G.=7'2-7*9.  Lustre  metallic,  splendent.  Color  pale  steel- 
gray.    Not  very  sectile.     Laminas  flexible.     Soils  paper. 

Oomp.,  Var. — Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur  and  selenium. 
\t  sulphur,  when  present,  replaces  part  of  the  teUnrlum,  the  analyses  for  tiie  most  part  afford 
the  general  formula  Bia(Te,  8)3.  Var.  1. — Free  from  sulphur.  BisTe8= Tellurium  48*1, 
bismuth  51*9;  G.  =7*868,  from  Dahlonega,  Jackson;  7*642,  id.,  Balch.  2.  Sulphurous. 
Containing  4  or  5  p.  c.  sulphur.    G.=7*500,  crystals  from  Schubkau,  Wehrle. 

Pyr. — 111  the  open  tube  a  whlto  sublimate  of  tellurous  oxide,  which  B.B.  fuses  to  colorless 
ilrops.  On  charcoal  fuses,  g^ves  white  fumes,  and  entirely  volatilizes  ;  tinges  the  K.  F.  bluish- 
green  ;  coats  the  coal  at  first  white  (tellurous  oxide),  and  finally  orange-yellow  (bismuth 
oxide) ;  some  varieties  give  sulphurous  and  selenous  odora 

DifiL — Distinguished  by  its  easy  fusibility  ;  tendency  to  foliation,  and  high  specific  g^ravity. 

Obs. — Occurs  at  Schubkau,  near  Schemnitz;  at  Betzbanya;  Orawicza;  at  Tellemark  in 
Norway ;  at  Bastnaes  mine,  near  Riddarhyttan,  Sweden. 

In  the  United  States,  associated  with  gold  ores,  in  Virginia ;  in  North  Carolina,  Davidson 
Co. ,  etc.  Also  occurs  in  Georgia,  4  m.  E.  of  Dahlonega,  and  elsewhere ;  Highland,  Montana 
T.  ;  Bed  Cloud  mine,  Colorado,  rare ;  Montgomery  mine,  Arizona. 

JosBiTB. — A  bismuth  telluride,  in  which  half  the  tellurium  is  replaced  by  sulphur  and 
selenium ;  Brazil. 

Wehrlitb.— Composition  probably  Bi(Te,  S).    G.=8*44.    Deutsoh  Pilsen,  Hungazy. 


MOZiTBDBNITB.*  Molybdanglani,  0mm. 

In  short  or  tabular  hexagonal  prisms.  Cleavage :  eminent,  parallel  to 
base  of  hexagonal  prisms.  Commonly  foliated,  massive,  or  in  scales :  also 
tine  granular. 

H.=l-l-5,  being  easily  impressed  by  the  nail.  G.=4-M-4*8.  Lustre 
metallic.  Color  pure  lead-gray.  Streak  similar  to  color,  slightly  inclined 
to  green.  Opaque.  Laminse  very  flexible,  not  elastic.  Sectile,  and  almost 
malleable.     i>luisli-gray  trace  on  paper. 
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Oomp. — ^Mo89=8nlphtir  41*0,  molybdenom  59'U=100. 

Pyr.,  etc.— In  the  open  tube  snlphaxons  fomea  B.B.  in  the  foroeps  infanible,  impttrta  a 
yellowish-green  color  to  the  flame  ;  on  oharooal  the  polyerised  mineral  giyes  in  O.F.  a  etrong 
odor  of  salphor,  and  coats  the  oool  with  crystals  of  molybdio  oxide,  whioh  appear  yellow 
while  hot,  and  white  on  cooling ;  near  the  assay  the  coating  is  copper-red,  and  if  the  white 
coating  be  touched  with  an  intermittent  R.F.,  it  assumes  a  beautiful  azure-blue  coloi: 
Decomposed  by  nitric  acid,  leaving  a  white  or  grayish  residue  (molybdic  oxide). 

Di£L — Distinguished  from  graphite  by  its  color  and  streak,  and  also  by  its  behavior  (yield- 
ing  sulphur,  etc. )  before  the  blowpipe. 

Obs  — Molybdenite  generally  occurs  imbedded  in,  or  disseminated  through,  granite,  gneiBs* 
sircon-syenite,  granular  limestone,  and  other  ciystaJline  rocks.  Found  in  Sweden  *  Norway ; 
Bussia.  Also  in  Saxony  ;  in  Bohemia  ;  Eathausberg  in  Austria ;  near  Miask,  Urals ;  Ghessy 
in  France ;  Peru  ;  Brazil ;  Galbeck  Fells,  and  elsewhere  in  Cumberland ;  several  of  the  Cozziiah 
mines ;  in  Scotland  at  East  Tulloch,  etc. 

In  Maine,  at  Blue  Hill  Bay  and  Gamdage  farm.  In  Conn,,  at  Haddam.  In  Vermont^  at 
Newport.  In  N.  HamptHure,  at  Westmoreland ;  at  Llandaff ;  at  Franconia.  In  Mass.,  at 
Shutesbury  ;  at  Brimfield.  In  N,  York,  near  Warwick.  In  Fenn.^  in  Chester,  on  Chestei 
Creek  ;  near  Concord,  Cabarrus  Co.,  N.  C.  In  CaUfomiay  at  Bxoelsior  gold  mine,  in  Exoel« 
«ior  district    In  Canada^  at  several  places. 


a.  BINARY   COMPOUNDS.—SuLPHiDKS,  Tkllueidbs,  bto.,  op  Metals 

OF  THE  Gold,  Ibon,  and  Tin  Gboufb. 

A.  BASIC  DIVISION. 
D7SORASITB.    Antimonial  Silver.    Antimon-Silber,  Oerm, 

Orthorhombic.  /A  7  =  119^  59' ;  0^  1-i  130°  41' ;  ^  :  2  :  rf  =  1-1633 : 
1-7315  :  1 ;  0M  =  126^  40' ;  C>  A  l-i  =  146^  6'.  Cleavage :  basal  distinct : 
I'i  also  distiuct;  /  imperfect  Twins:  stellate  forms  and  hexagonal 
prisms.  PHsmatic  planes  striated  vertically.  Also  massive,  granular ;  par- 
ticles of  various  sizes,  weakly  coherent. 

H.=3'5-4.  G.=: 9-44-9 '82.  Lustre  metallic.  Color  and  streak  silver- 
white,  inclining  to  tin-white;  sometimes  tarnished  yellow  or  blackish. 
Opaque.    Fracture  uneven. 

Oomp.— Ag:«Sb=Antimon7  23,  silver  78=100.  Also  AgeSb=Antimonj  15-06,  silver  84*84, 
and  other  proportions. 

Pyr.,  etc. — B.B.  on  oharooal  fuses  to  a  globule,  -coating  the  coal  with  white  antimonoua 
oxide,  and  finally  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitrio  acid,  leaving  anti- 
monous  oxide. 

Obs. — Oocurs  near  Wolfaoh  in  Baden,  Wlttichen  in  Suabia,  and  at  Andreasbezg  ;  also  at 
Allemont  in  Dauphin^,  Oasalla  in  Spain,  and  in  Bolivia,  S.  A. 


DOMBTKITI].    Azsenikkapfer,  Oem^ 

Beniform  and  botryoidal ;  also  massive  and  disseminated. 

H.  =  3-3*5.  G. = 7-7*50,  Portage  Lake,  Genth.  Lustre  metallic  but  dull 
on  exposure.  Color  tin-white  to  steel-gray,  with  a  yellowish  to  { inchbeck- 
brown,  and,  afterward,  an  iridescent  tarnish.     Fracture  uneven. 
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Oomp. — OiiaA8=Aneiiio  38*8,  copper  71*7=100. 

Pyr^  etc. — In  the  open  tube  faaea  and  gives  a  white  Gryatalline  sablimate  of  azBenoag 
oxide.  B.B.  on  charcoal  arsenical  fumes  and  a  malleable  metallio  globule,  which,  on  treat* 
ment  with  soda,  gives  a  globule  of  pure  copper.  Not  dissolved  in  hydrochloric  add,  bat 
soluble  in  nitric  acid. 

Obs. — From  the  mines  of  Chili.  In  N.  America,  found  on  the  Sheldon  location,  Portage 
Lake ;  and  at  Michipicoten  Island,  in  L.  Superior. 

Alqovokitjl — Composition,  CueAs= Arsenic  16  '6,  copper  88'6.    Chili ;  also  Lake  Superior. 

Whitney  itb.— CufAs=:Ax8enio  ll'O,  copper  88'4=10iOL    Houghton,  Mioh.,  also  CaUf omia, 


B.  PROTO  DIVISION. 


(a)  Oalenite  Chrovp.    Isometric;  holohedraL 

ARGBNnTB.    Silver  Glanoe.    Yitreoua  SUver.    SObexglans,  Qerm. 

iBonietric  Cleava^:  dodecahedral  in  traces.  Also  reticulated,  arbores- 
cent, and  filiform ;  ako  amorphous. 

IL = 2-2-5.  G. = 7-196-7-365.  Lustre  metallic.  Streak  and  color  black- 
ish lead-gray ;  streak  sliining.  Opaque.  Fracture  small  sub-couchoidal, 
ineveu.    Malleable. 

Oomp^—AgtS= Sulphur  12'9,  sUver  871=100. 

Pyr.,  etc. — In  the  open  tube  gives  off  sulphurous  oxide.  B.B.  on  charcoal  fuses  with  Inta- 
mescence  in  O.F.,  emitting  sulphurous  fumes,  and  yielding  a  globule  of  silver. 

Di£ — Distinguished  from  other  silver  ores  by  its  maUeabiU^. 

Obs. — ^Found  in  the  Erzgebirge ;  in  Hungaiy ;  in  Norway,  near  Eongsberg ;  in  the  Altai; 
in  the  Urals  at  the  Blagodat  mine ;  in  Cornwall ;  in  Bolivia ;  Peru ;  Gh&i ;  Mexico,  etc 
Occurs  in  Nevada,  at  the  Gomstock  lode,  and  elsewhere. 

Oldhamite  from  the  Busti  meteorite  is  essentially  OaS. 

Naumanhftb. — A  silver  selenide,  containing  also  some  lead.  Color  iron-black.  From 
the  Hars. 

BncAUUTB. — ^A  silver-oopper  selenide,  (Ca,  Ag)sSe.  Color  lilver- white  to  gny.  Sweden ; 
Chili. 


Massive,  compact ;  no  trace  of  crystallization. 

H.= 2-5-3.    &.=6-90.    Lustre  metallic.    Color  lead-gray.     Brittle. 

Oomp.^Cu„Tl,Ag)  Se=Selemum  83*28,  copper  45-76,  thalUnm  17*25,  silver  8*71aB]0C. 

Pyr.,  etc. — B.B.  fuses  veiy  easily  to  a  gzeenish-black  shining  enamel,  coloring  the  fla^ 
strongly  green.    Insoluble  in  hydrochloric  acid  ;  completely  soluble  in  nitric  acid. 

Obs. — From  the  mine  of  Skxikerum  in  Norway.  Formerly  regarded  as  selemde  of  ooppei 
or  berzelianite. 

GALBNITB.    Galena.    Bleiglans,  Oerm^ 

Isometric ;  habit  cubic  (see  f .  38,  89,  etc.,  p.  16).  Cleava^,  cubic,  per- 
fect; octaliedral  m  traces.  Twins:  twinning-plane,  the  octahedral  plane. 
L  425  (f .  263,  p.  88) ;  the  same  kind  of  composition  repeated,  f .  426,  and 
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Satteiicci  parallel  to  1.    Also  reticalated,  tabnlar ;  coarse  or  fine  granular ; 
boiuetiinee  impalpable ;  oucasionallj  iibroue. 


Il.=2-5-2-75.  G.=7'25-7'7.  Lustre  metallic.  Color  and  streak  pnre 
lc:id-£!i'ay.  Surface  of  cr^staU  occaeiotially  tarnished.  Fracture  flat  anb- 
clioiidioidal,  or  even.     Frangible. 

Oonip.,Vai.—PbS:=SalpIiiiil8'4,  lead 86-6  =  100.  Oootuiu rilTer,  and  oooasioDall;  seleD- 
Intn.  line,  cadmium,  uitlmonj,  copper,  as  Butptudea ;  beaidM,  tino,  Bometimea  native  nlver 
and  gold ;  all  (falenite  is  more  or  ieas  aigentiferoiu,  and  DO  eztenial  diaraoben  serve  to  dia- 
tio^Uh  the  relatlTe  amonnt  of  aiiver  present, 

P^rf'^In  the  open  tnbe  givea  salphuious  fameii.  B.B.  tm  charcoal  fatee.  emits  anlphnToiu 
(umei.  coaU  the  ooal  yellow,  and  yields  a  globule  of  metallic  lead.     Soluble  in  nitric  acid. 

DiS.— DiEtin^niehed  in  all  bat  tiie  finely  granular  varieties  by  ita  perfect  onbio  oleavsge. 

Ob*. — Oocun  in  beds  and  veins,  both  in  o^stalUne  and  uncryatalline  rocks.  It  is  often 
associated  with  pjrite,  marcaaite,  blende,  chaloopjKtie.  arsenopjrite.  etc  ,  in  a  gHiigue  of 
quartz,  caloite,  barite,  or  flnorite,  etc  ;  also  with  cemssita,  ongleaite,  and  other  salts  of  lead, 
which  are  frequent  results  of  ita  alteration.  It  is  also  oammoa  with  gold,  and  in  veins  of 
silver  ores.  Some  prominent  localities  are : — Freiberg  in  Saiony,  tha  Harz,  Pnibrara  and 
Joochimsthal,  Styria ;  and  also  Bleiberg.  and  the  neighboring  localities  oF  Corintbia,  Sula  in 
Sweden,  Leadhilla  and  the  killas  of  ComwaQ.  in  veins;  Derbyshire,  Cumherlond,  and  the 
northern  districts  of  England  ;  in  Nerl«chliisk,  East  Siberia;  in  Algeria;  near  Cape  of  Good 
Hope ;  in  Australia ;  Chili ;  Bolivia,  eta 

Extensive  deposits  of  this  ore  in  the  United  States  exist  in  Uisaoari.  Illinois,  Iowa,  and 
Wisconsin.  Other  important  looalitiea  are : — in  Ifeie  Tork,  Boesie,  St.  Lawrence  Co. : 
Wurtiboro,  Sollivon  Co. ;  at  Anciam.  Columbia  Co.  ;  in  Ulster  Co.  In  Maine,  at  Lubec.  In 
JV<iui  Hampl/lire,  at  Eotou  and  other  places.  In  Vermont,  at  Thetford.  In  Oonntelieut,  at 
Uiddletown.  In  Ma*»aehuietU,  at  Newbur^port,  at  Southampton,  etc.  In  Peiuu^ltmnia.  at 
Pbeniiville  and  elsewhere.  In  Virginia,  at  Austiu's  mines  in  W;the  Co.,  Walton's  gold  mine 
In  Louisa  Co..  etc.  In  Tenneisee,  at  Brown's  Oreek,  and  at  Hayiboro,  near  Ifashville.  In 
Michigan,  in  the  region  of  ChooolBte  river,  and  Lake  Superior  copper  districts,  on  tbo 
N.  shore  of  L.  Superior,  in  Naebin^  on  Thunder  Bay,  and  around  Block  Bay.  In  OaU- 
fomia,  at  man;  of  the  gdd  mines.  In  Ifmada,  aWndaut  on  Wear's  river,  and  at  Steam- 
DOat  Springs,  Oalena  district.  In  Arkona,  im  the  CasUe  Dome,  Boreka,  and  oUier  diatriota. 
In  CoioTaia,  at  Pike's  Peak,  etc 

OIiAUBTHAUm.    Belenhl^  ff«n». 

Isoineti'tc.  Occurs  commonly  in  fine  granular  masses  ;  some  specimens 
foliated.     Cleavage  cubic. 

H.=2"5-3,  G.=7-6-8-8.  Lustre  iiietallic.  Color  lead-gray,  somewhat 
bluish.     Streak  darker.     Opaqne.     Fracture  granular  and  shining. 

Oomp.,  Tar.— PbBe= Selenium  876,  lead  73'4=100,  Bosidea  the  pure  selenide  of  lead 
there  are  other*,  often  arranged  as  distinct  species,  which  contain  cobalt,  oopper,  or  moronrj 
lu  place  of  part  of  the  lead,  and  sometimes  a  little  silver  or  iron. 
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Pyr. — ^I>ecrepitate«  in  the  dosed  tube.  In  the  open  tnbe  gires  selenons  fames  aud  a  zed 
inblLnate.  B.  B.  on  charcoal  a  strong  selenoos  odor ;  parUallj  fnses.  Goats  the  coal  neai 
the  assay  at  fizst  gnj,  with  a  Teddish  border  (selenium),  and  later  yellow  (lead  oxide) ;  when 
pore  entirely  volatile ;  with  soda  gives  a  globule  of  metallic  lead. 

Obs. — Much  resembles  a  granular  galenite;  bat  the  faint  tinge  of  blue  and  the  6.B 
lelenlum  fumes  serve  to  distinguish  it. 

Found  at  ClauRthal,  Tilkerode,  Zozge,  Lehrbach,  etc.,  in  the  Hans ;  at  Beiusberg  in  Sax 
ony ;  at  the  Rio  Tinto  mines,  Spain ;  Cacheuta  mine,  Mendoia,  S.  A. 

ZoRGiTE  and  Lehrbachite  occur  with  clausthalite  in  the  Harz.  Zorgite  is  a  lead-coppei 
telenide.     Lehrbachite  is  a  lead-mercury  selenide. 

BERZBLiANiTB.—Gu3Se= Selenium  88*4,  copper  61 '6=100.  Color  silver-white.  From 
Sweden,  also  the  Harz. 

Altaite.— Gompoeition  PbTe= Tellurium  88*3,  lead  61*17.  Isometric.  Color  tin-white. 
From  Savodinski  in  the  Altai ;  Stanislaus  mine,  Gal. ;  Bed  Cloud  mine,  Colorado ;  Province 
of  Coquimbo,  Chili 

TiEMANNiTB  (SelenqueoksUber,  Genn,),^A  mercury  selenide,  probably  HgSe.  MasslTa. 
Found  in  the  Harz ;  also  California. 


BORNITU.    Erubesolte.    Pozple  Copper  Ore.    Buntkupferexz,  GernL 

Isometric.  Cleavage :  octahedral  in  traces.  Massive,  strncture  granular 
or  compact. 

H,=3.  G,=4*4-5*6.  Lastre  metallic.  Color  between  copper-red  and 
pinclibeck-brown ;  speedily  tarnishes.  Streak  pale  grayish- black,  slightly 
shining.    Fracture  small  conchoidal,  uneven.    Brittle. 

Oomp. — For  crystallized  varieties  FeCusSi,  or  sulphur  88*06,  iron  16*86,  copper  55 '68 =100. 
Other  varieties  are :  Fe3CusS4,  FeCusSs,  and  so  on.  The  ratio  of  B  (Gu  or  Fe)  to  S  has  the 
values  5  :  4,  4  :  8,  8  :  2,  7  :  8  (Bammelsbeig).  Analysis,  Collier,  from  Bristol,  Gt.  Sulphur 
25*83,  copper  61*79,  iron  11*77,  silver  tr.  =09*89  (B  :  8=8  :  2). 

Pyr.,  etc. — In  the  closed  tube  gives  a  faint  sublimate  of  sulphur.  In  the  open  tube  yields 
sulphurous  oxidn,  but  gives  no  sublimate.  B.B.  on  charcoid  fuses  in  B.F.  to  a  brittle  mag- 
netic globule.  The  roasted  mineral  gives  with  the  fluxes  the  reactions  of  iron  and  copper, 
imd  with  soda  a  metaUic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

DifL — Distingaished  by  its  copper-red  color  on  the  fresh  fracture. 

Obs. — Found  in  the  mines  of  Cornwall ;  at  Boss  Island  in  Killamey,  Ireland  ;  at  Mount 
Catini,  Tuscany ;  in  the  Mansf eld  district,  Germany ;  and  in  Norway,  Siberia,  Silesia,  and 
Hungary.  It  is  the  principal  copper  ore  at  some  Chilian  mines ;  also  common  in  Peru,  Boli- 
<via,  and  Mexico.  At  Bristol^  Conn.,  it  has  been  found  abundantly  in  good  crystals.  Found 
massive  at  Mahoopeny,  Penn.,  and  in  other  parts  of  the  same  State;  also  at  Chesterfield, 
Mass. ;  also  in  New  Jersey.    A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Alabanditb  (Manganglanz,  Oerm.), — MnS=Sulphur  86*7,  manganese 68.8=100.  Isomet- 
ria    Cleavage  cubic.     Color  black.    Streak  green.     From  Transylvania,  eta 

GsCnauite. — ^A  sulphide  containing  nickel,  bismuth,  iron,  cobalt,  copper.  From 
Chriinan. 


(h)  Blende  Qrov/p.    Isometric ;  tetiahedral. 

SPHALfiRITE  or  ZINC  BLENDBL    Black-Jack,  m^gL  Mintf9. 

Isometric:  tetrahedral.    Cleava^:  dodecahedral,  highly  perfect.    Twins 
twinning-plane  1,  as  in  f .  429.    Also  botryoidal,  and  other  imitative  shapes  \ 
iometimes  fibrons  and  radiated  ;  also  massive,  compact. 

H.=3-5-4.    G.=3*9-4-2.     4-068,  white,  New  Jersey.    Lnstre  resinous 
to  adamanite.     Color  brown,  yellow,  black,  red,  green ;  white  or  yellow 
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when  pure.     Streak  white— reddiah-brown.     Transparent— tranak cent 
Fracture  conchoidal.    Brittle. 

427  428 


Oomp.,  Var.—ZDS= Sulphur  8*3,  zino  67=100.  But  often  having  part  of  the  zino  replaced 
by  iron,  and  Bometimes  by  cadmium ;  also  containing  in  minute  quantities,  thallium,  indium, 
and  gallium.  Yar.  1.  Ordiruvry,  Oontaining  little  or  no  iron  ;  colors  white  to  yellowish- 
brown,  sometimes  black ;  G.  =8  9-4*1.  2.  Ferriferous;  MarmatUe,  Containing  10  p.  c.  ox 
more  of  iron;  dark-brown  to  black  ;  G. =8*9-4*2.  The  proportion  of  iron  sulphide  to  sine 
sulphide  varies  from  1  :  5  to  1  :  2.  8.  Gadmifenma ;  Pnibramite.  The  amount  of  cadmium 
present  in  any  blende  thus  far  analyzed  is  less  than  5  per  oent.  Each  of  the  above  varietiea 
may  occur  (a)  in  crystals :  {b)  firm,  fibrous,  or  columnar,  at  times  radiated  or  plumose  ;  (c) 
deavable,  massive,  or  foliated ;  {it)  gfranular,  or  compact  massive. 

Pyr.,  etc. — In  the  open  tube  sulphurous  fumes,  and  generally  changes  color.  B.B.  on 
charcoal,  in  R.  F.,  some  varieties  i(ive  at  first  a  reddiish-brown  coating  of  cadmium  oxide,  and 
later  a  coating  of  zinc  oxide,  which  is  yellow  while  hot  and  white  after  oooling.  With  cobalt 
solution  the  zino  coating  gives  a  green  color  .when  heated  in  O.F.  Most  varieties,  after 
roasting,  give  with  borax  a  reaction  for  iron.  With  soda  on  charcoal  in  B.F.  a  strong  green 
zinc  flame.     Difficultly  fusible. 

DiRsolvep  in  hydrochloric  add,  during  which  sulphuretted  hydrogen  is  disengaged.  Some 
specimens  phosphoresce  when  struck  with  a  steel  or  by  friction. 

DifiL — Generally  to  be  distinguished  by  its  perfect  cleavage,  giving  angles  of  60^  and  120^ ; 
by  its  resinous  lustre,  and  also  by  its  infusibility. 

Obs. — Occurs  in  both  crystalline  and  sedimentaxy  rocks,  and  is  usually  associated  with 
galenite  ;  also  with  barite,  chalcopyrite,  fluorite,  siderite,  and  frequently  in  silver  mines. 

Derbyshire.  Cumberland,  and  Cornwall,  afford  different  varieties ;  also  Transylvania;  Hun- 
gary ;  the  Harz;  Sahla  in  Sweden;  Batieborzitz  in  Bohemia;  many  Saxon  localities. 
Splendid  crystals  in  dolomite  are  found  in  the  BinnenthaL 

Abounds  with  the  lead  ore  of  Missouri,  Wisconsin,  Iowa,  and  Ulinois.  Jn  If.  York,  SulU- 
van  Co.,  near  Wurtzboro* ;  in  St.  Lawrenoe  Co.,  at  Oooper^s  falls,  at  Mineral  Point;  at  the 
Ancram  lead  mine  in  Columbia  Co.  ;  in  limestone  at  LoclqK>rt  and  other  places.  In  Ma».^ 
at  Sterling ;  at  the  Southampton  lead  mines ;  at  Hatfield.  Li  If.  Haimp.^  at  the  Eaton  lead 
mine  ;  at  Warren,  a  large  vein  of  black  blende.  In  Maine^  at  the  Lubec  lead  mines,  eta 
In  C<mn.,  at  Boxbury,  and  at  Lane^s  mine,  Monroe.  In  If.  Jereey^  a  white  variety  at  Frank- 
lin. In  Penn,^  at  the  Wheatley  and  Perkiomen  lead  mines ;  near  Friedensville,  Lehigh  Co. 
In  Virginia^  at  Austin's  lead  mines,  Wythe  Co.  In  Michigan^  at  Prince  vein,  Lake  Superior. 
In  lUinaiSt  near  Bosidare ;  near  Galena,  in  stalactites,  covered  with  pyrite,  and  galenite 
In  WiMonnin^  at  Mineral  Point.    In  7^enne8,'*ee^  at  ^ysboro^  near  Nashville. 

Named  blende  because,  while  often  resembling  galena,  it  yielded  no  lead,  the  word  in  Ger 
man  meaning  hUnd  or  deceiving,    Sphaierite  la  &m  0-^a\cp<if ,  treaeheroue. 


{o)  C^uUcocite  Chroup.    Orihorhombic. 

BSSSITB.*  Tellorsilber,  Qerm. 

Orthorhombic,  and  resembling  chalcocite.    Cleavage  indistinct.    Maft 
dve ;  compact  or  line  grained  ;  rai*ely  coarse-granular. 
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H.3s3-3-5.  G.=8'8-8'6.  Lustro  metallic.  Color  between  le&d-gra; 
EDd  Bteel-gray.     Sectile.    Fractnre  even. 

Oomp— AgiTe=Telliiiiiiiii  873,  diTer  e2'8s=100.  Silver  Mmetdmw  replaoed  In  part  b; 
gold. 

Pyr. — In  tlie  open  tabe  &  tuint  white  mblinikte  of  teltniona  oxide,  which  B.B.  fniei  ta 
oolorlen  globnies.  On  charcoal  fniM  to  a  bUok  globule ;  this  treated  in  R.F.  preBcntt  oo 
eooling  white  dendritio  poinia  of  silver  on  ita  snrface ;  with  aoda  gives  a  glabnle  of  ailvei. 

ObC — Ocean  In  the  Altai,  In  Siberia.  In  a  talcoae  rock  ;  at  Nagyag  in  TnnsjlvaniB,  and  at 
Betibauya  in  Hnng&rf ;  Stonialatu  mine,  Calaverae  Go. ,  Cal. ;  Red  Olond  mine,  Colorado ; 
PrOTince  of  Coqninibo,  Chili, 

Pbtzitb. — Differs  from  hessite  In  that  gold  replace*  mnoh  of  the  mlvex.  n.=3'5.  Q.  = 
6-72-8-83,  Pets;  fr-P-4,  Kllatel.  Color  between  ateel-gra;  and  iron-black,  Bometimea  with 
paTonine  tornisb.  Streak  Iron-blaok.  BrittleL  Ait»iji6»  Iij  0«iith,  troia  Golden  Bule  mine, 
tellurium  3S'68,  silver  41'8(t,  gold  SJ!-00  =  100'14.  Occurs  at  Nag^ag,  Stanislaus  mine, 
California,  and  several  localities  in  Colorado. 

TiPALpiTE  (TellurwisrauthsilberV— Composition  (Ramm.),  Ag,Bi,Te,S(Ag,S  +  SBiTe). 
Gnnular.    Color  gnj.    Sierra  de  Tapalpo.  Mexico. 

AOANTUITIL 

Orthorhombic  1/^1=  110°  54' ;  <?  A  l-l  =  124"  42',  Dauber ;  i:l:d 
=  1-4442  :  1-4523  :  1.  <? A M  =  135°  10' ;  <?Al  =  119°  42'.  Twins: 
pamltel  to  1-t.  Crystals  neaally  slender-pointed  priama.  Cleavage  indis- 
'iiicL 

H.=3'5  or  under.  G.=7'16-7*33.  Lnstre  metallic.  Color  iron-blttck 
or  like  argentite.     Fracture  uneven,  giving  a  shining  aiirfacb     Sectile. 

Ootiip.~Ag,a,  or  like  argentite.    SnlphiiT  129,  ailver  87  1=100. 

Fyr. — Same  as  for  a^entite,  p.  3S6. 

ObBr— Found  at  Joac£imathal;  alM  near  Fielbeig  in  Sazonj. 

OBAIiOOOrTB.    Chalooeliie.     Titreona  Copper.     Copper  Qlanoa.     Eopferglana,  fftfrm- 

Orthorhoinbic.  /A  /=  119°  35',  O  A  1-i  =  120°  67' ;  .^ :  5  :  (J  =  1-6676  : 
l'7l'76:l;  0  A 1  =  117°  24' ;  Oa1-E  =  t35°53'.  Cleavage: /.indistinct. 
Twina :  twinning-plane,  /,  producing  hexagonal,  or  stellate  forma  (left  half 


Bristol,  CL  BrUKd,  Ot  Biirtol,  OL 

of  f.  433) ;  also  |-i,  a  cruciform  twin  (f.  432),  crossing  at  angles  of  111" 
aiid  69° ;  f.  433,  a  cruciform  twin,  having  O  and  /  of  one  crystal  parallel 
lespcctively  to  i-i  and  O  of  die  other.  Also  maaaive,  atructure  granular, 
iiT  compact  and  impalpable 
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H.=2'6-3.  Q.=6-6-6'8.  Lu^re  metallic.  Color  and  sti'eak  blackish 
lead-gray ;  often  tarnished  bine  or  green  ;  streak  sometimes  shining.  Frac- 
ture conchoidal. 

Oomp CnaS= Sulphur  20*2,  copper  79 -8 =100. 

Pyr,,  etc. — Yields  nothing  Tolatile  in  the  closed  tube.  In  the  open  tube  gires  off  stdphnr- 
ous  fumes.  B.B.  on  charcoal  melts  to  a  globule,  which  boils  with  spirtmg;  with  soda  ii 
reduced  to  metallic  copper.     Soluble  in  nitric  add. 

Obs. — Cornwall  affords  splendid  ciystals.  The  compact  and  massiye  varieties  occur  in 
Siberia,  Herae,  Sazonj,  the  Banat,  etc. ;  Mt.  Gatini  mines  in  Tuscany ;  Mexico,  Peru. 
Bolivia,  Chili. 

In  the  United  States,  it  has  been  found  at  Bristol,  Conn. ,  in  large  and  brilliant  crystals. 
In  Virginia,  in  the  United  States  copper  mine  district.  Orange  Co.  ^tween  Newmarket  and 
Taneytown,  Maryland.  In  Arizona,  near  La  Pas ;  in  N.  W.  Sonera.  In  Nevada,  in  Washoe, 
Humboldt.  Churchill,  and  Nye  Cos. 

Harrisite  of  Shepard,  from  Canton  mine,  Georgia,  is  chalcocite  with  the  cleavage  ol 
galenite  (pseudomorphous,  Gentfi). 

BTROnCETBRITE,    Silberkupferglans,  Oerm. 

Ortliorhombic :  isomorphous  with  chalcocite.  /A/=119**  36'.  Also 
massive,  compact. 

H. =2*5-3.  G.=6*2-6'3.  Lustre  metallic.  Color  dark  steel-gray. 
Streak  shining.    Fracture  subconchoidal. 

Oomp.— AgCuS=AgaS+Cu9S=Sulphur  15*7,  silver  63'1,  copper  31*2-100. 

Pyr.,  etc. — Fuses,  but  gives  no  sublimate  in  the  closed  tube.  In  the  open  tube  sulphurout 
fumes.  B.B.  on  charcoal  in  O.F.  fuses  to  a  semi-malleable  globule,  which,  treated  with  the 
fluxes,  reacts  strongly  for  oopper,  and  cupelled  with  lead  gives  a  silver  globule.  Soluble  in 
nitric  acid. 

Ob8.--Found  at  Schlangenberg,  in  Siberia ;  at  Rudelstadt,  Silesia ;  also  in  Chili ;  at  Com- 
bavalla  in  Peru ;  at  Heintzelman  mine  in  Arizona. 

STEBKBEBOiTlc'^An  iron-silver  sulphide,  AgFcsSi.  Johanngeorgenstadt  and  JoaohimathaL 


(d)  Pyrrhotite  Oroup.    Hexagonal. 

CINNABAR.    Zinnober,  Qtirm, 

Rhombohedral.    5  A  5  =  92^  36',  ]iNO:=^  127^  6' ;  (5  =  1-1448.     Atr 

cording  to  DesCloizeanx,  tetartohedral,  like  qnartz. 
^8*  Also  granular,  massive ;  sometimes  forming  tuper- 

ficial  coatings. 

Cleavage :  7j   very  perfect      Twins :   twinning- 
plane  O. 

H=2-2'6.  Q=8*998,  a  cleavable  variety  from 
Neumarktel.  Lnstre  adamantine,  inclining  to  nietal- 
lie  when  dark-colored,  and  to  dull  in  fiiable 
varieties.  Color  cochineal-red,  often  inclining  to 
brownish-red  and  lead-gray.  Streak  scsrlet,  sub 
transparent,  opaoue.  Iracture  subconchoidal.  un- 
even.    Sectile.    Polarizaticn  circular. 

Oomp,-~HgS  (or  HgiSt)= Sulphur  18*8,  meroozy  86-9=100.  SometimM  impozi  fkomolaj. 
itoa  aesquioxide,  bitumen. 
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Pyr. — ^In  the  (dosed  tube  a  black  sublimate.    Oarefnllj  heated  in  the  open  tabe  giyes  nnl 
phnrons  fumes  and  metaliio  meronryf  condensing  in  mmute  globules  on  the  oold  walls  of  the 
tube.     B.B.  on  charcoal  wholly  volatile  if  pure. 

Obs. — Cinnabar  occurs  in  beds  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  reins,  with  ores  of  iron.  The  most  important  European  beds  of  thii 
ore  are  at  Almaden  in  Spain,  and  at  Idria  in  Gamiola.  It  occurs  at  Beichenau  and  Windiscb 
Eappel  in  Carinthia;  in  Transylvania;  at  Bipa  in  Tuscany;  at  Bchemnitz  in  Hungary*  in 
the  Urals  and  Altai ;  in  China  abundantly,  and  in  Japan  ;  San  Onofre  and  elsewhere  in  Mexico ; 
in  Southern  Peru ;  forming  extensive  mines  in  California,  in  the  coast  ranges  the  principal 
mines  are  at  New  Almaden  and  the  vicinity,  iu  Santa  Olaxa  Oo.  Also  in  Idaho,  in  limestone, 
abundant. 

This  ore  is  the  source  of  the  mercury  of  commerce,  from  which  it  is  obtained  by  sublima 
tion.     When  pure  it  is  identical  with  the  manufactured  t&rmUion  of  commexoe. 

Mbtacinnabaritr   {Moore), — A   black   mercury  sulphide  (HgS).      Barely  crystallizrd 
H.=r8.     G«— 7*75.     Lustre  metallic.     Bedlngton  mine.  Lake  Co.,  Cal. 

GuADALOAZARiTB. — Essentially  HgS,  with  part  (tSr)  of  the  sulphur  replaced  by  selenium, 
and  part  of  the  mercury  replaced  by  zinc  (Hg :  Zu=6 : 1,  Petersen ;  =13  : 1,  Bamm.).  Massive. 
Color  deep  black.  Gnadalcasar,  Mexioo.  Lbyiolianitb  is  a  ferruginous  variety  from 
Levigliani,  Italy. 


MILIiBBITB.*  Capillary  Pyrites.    HaarUes ;  Nickelkies,  G0rm. 

Rhombohedral.  RhR=z  144^ 8', Miller,  c  =  0-32955.  OnR  —  159°  10'. 

Cleavage:  rhombohedral,  perfect.  Usual  in  capillary  crystals.  Also  in 
colamiiar  tufted  coatings,  partly  serai-globular  and  radiated. 

H.=3-3*5.  G.=4*6-5-65.  Lustre  metallic.  Color  brass-yellow,  inclin- 
ing to  bronze-yellow,  with  often  a  gray  iridespent  tarnish.  Streak  bright 
Brittle. 

Oomp.— NiS=8ulpbur  85  6,  nickel  64 '4=100. 

P3rr.|  etc — In  the  open  tube  sulphurous  fumes.  B.  B.  on  charcosl  fuses  to  a  globule.  When 
roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.  B. ,  becoming  gray  in  R.  F. 
from  reduced  metallic  nickeL  On  charcoal  in  B.F.  the  roasted  mineral  gives  a  coherent 
metallic  mass,  attractable  by  the  magnet.     Soluble  in  nitric  acid. 

Oba. — Found  at  Joaohimsthal ;  Prsibram ;  Biechelsdorf ;  Andreasbezg ;  several  localities 
in  Saxony ;  Com  wall. 

Occurs  at  the  Sterling  mine,  Antwerp,  K.  Y. ;  in  Lancaster  Oo.,  Pa.,  at  the  Gap  mine ; 
with  dolomite,  and  penetrating  oalcite  crystals,  in  cavities  in  limestone,  at  St.  Louis,  Mo. 

Bkyrichite  (Zm&«).— Formula  NiftST= Sulphur  48-0,  nickel  66*4=100.  Oolor  lead-gcay. 
Occurs  in  radiated  groups  with  millerite  in  the  Westerwald. 


PTRRHOnrS.    HagHetic  Pyrites.    Hagnetkies,  Qwm, 

Hexagonal.     Oa1  =  135°   8';    <5  =  0-862.     Twins:  twuining-plane   t 
(f .  435).  Cleavage :  O,  perfect ;  /,  lees  so.  Commonly  ^g- 

massive  and  amorphous ;  structure  granular. 

H.==3-5-4-5.  G.=4-t-4-68.  Lustre  metallic. 
Color  between  bronze-yellow  and  copper-red,  and 
subject  to  speedy  tarnish.  Streak  aark  grayish- 
black.  Brittle.  Magnetic,  being  attmctable  in 
tine  powder  by  a  magnet,  even  when  not  affecting 
an  ordinary  needle. 

Oomp..- (1)  Mostly  Fe,8,=Sulphur  89-5,  iron  60-5=100 ;  but  varying  to  Fe»S..Pe«8,o  and 
FoioS, I.     Some  Tarieties  contain  8-6  p.  a  nickeL     BorbaehiU contains  (Wagner)  1 2 p.  a  Ni. 
Pyr.,  etc—Unchanged  in  the  dosed  tube.    In  the  open  tu^e  gives  sulphnrons  oidde.    Oi 
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eharoool  in  R.F.  fnaet  to  a  blade  magnetio  mass ;  In  O.F.  is  converted  into  iron 

which  with  fluxes  gives  only  an  iion  reaction  when  pore,  but  many  varieties  yield  siiiaU 

amoonts  of  nickel  and  cobalt.    Decomposed  by  muriatic  acid,  with  evolution  of  sulphuretted 

hydrogen. 

Diflf. — Distingnished  by  its  magnetic  character,  and  by  its  bronze  color  on  the  fresh  fracture. 

Obs. — Occurs  in  Norway ;  in  Sweden ;  at  Andreasberg ;  Bodenmais  in  Bavaria ;  N.  Tagilsk ; 
in  Spain ;  the  lavas  of  Vesuvius ;  GomwalL 

In  N.  America,  in  Vermont,  at  Stafford,  Corinth,  and  Shrewsbury ;  in  many  parts  of 
Masbachusetts ;  in  Connecticut,  in  Trumbull,  in  Monroe  ;  in  N.  York,  near  Natural  Bridge 
in  Diana,  Lewis  Co. ;  at  0*Neil  mine  and  elsewhere  in  Orange  Co.  In  N.  Jersey,  Morris  Co., 
at  Huidstown.  In  Pennsylvania,  at  tiie  Gap  mine,  Lancaster  Co.,  nioooliferous.  In  Tennes- 
see,  at  Duoktown  mines.     In  Canada,  at  St.  Jerome ;  EUisabethtown,  Ontario  (f .  435),  etc. 

The  niccolif erous  pyrrhotite  is  the  ore  that  affords  the  most  of  the  nickel  of  commerce. 

Troilitb. — According  to  the  latest  investigations  of  J.  Lawrence  Smith,  composition 
FeS,  iron  proto-sulphide  ;  that  is,  iron  OS'S,  sulphur  30*4=100.  Occurs  only  in  iron  meteor- 
ites. Daubbbelitb  (Smith).  — Composition CrsSs.  Observed  in  the  meteoric  iron  of  Northern 
Mexico ;  occurring  on  the  borders  of  troilite  nodules.  Similar  to  shepardite^  Haidingei 
{=schreiber$itef  Shepard),  described  by  Shepard  (1846)  as  ooonrring  in  the  Bishopville,  S.  C, 
meteoric  iron. 

SCHRBIBERSTTE  also  solely  a  meteoric  mineraL    Contains  iron,  nickel,  and  phosphorus. 

WURTZITB  (Spiauterite). — ZnS,  like  sphalerite,  but  hexagonal  in  oxystallization. 
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Hexagonal ;  hemimorphic.  0 A 1  =  136°  24' ;  c  =  0-824:7.  Cleavage: 
7,  distinct ;  Oy  imperfect. 

H.=3-3'5.  G.=4-8-4-999.  Lustre  adamantine.  Color  honey-yellow; 
citron-yellow ;  orange-yellow — veined  parallel  with  the  axis ;  bronze- 
yellow.  Streak-powder  between  orange-yellow  and  brick  red.  Nearly 
transparent.     Strong  double  refraction.    Not  thermoelectric,  Breithaupt. 

Oomp.— CdS  (or  Cd9St)= Sulphur  22*2,  oadium  77*8. 

Pjrr.,  etc. — In  the  dosed  tube  assumes  a  carmine-red  color  while  hot,  fading  to  the  original 
yellow  on  cooling.  In  the  open  tube  gives  sulphurous  oxide.  B.  B.  on  charcoal,  either  ^one 
or  with  soda,  giyes  in  fi.F.  a  reddish-brown  coating.  Soluble  in  hydrochloric  acid,  eyolying 
sulphuretted  hydrogen. 

Obs. — Occurs  at  Bishoptown,  in  Renfrewshire,  Scotland ;  also  at  Pndbram  in  Bohemia ; 
on  sphalerite  at  the  Ueberoth  zinc  mine,  near  FriedensvlUe.  Lehigh  Co.,  Pa. ,  and  at  Granby, 
Ifo. 


NIOOOLITB.    Oopper  Nickel    Kupfemickel,  Rothnickelkies,  Oemu 

Hexagonal.  O  A 1  =  IS'^G  35' ;  c:  0-81944.  Usually  massive,  structure 
nearly  impalpable ;  also  reniform  with  a  columnar  structure ;  also  reticu- 
lated and  arborescent. 

S.=5-6'5.  G.=7-33-7*671.  Lustre  metallic.  Color  pale  copper-red, 
with  a  gray  to  blackish  tarnish.  Streak  pale  brownish-black.  Opaque. 
Fracture  uneven.    Brittle. 

Oomp.— NiAs  (or  Ni|Ast)= Arsenic  56*4,  nickel  43*6=100;  sometimes  part  of  the  arsenic 
replaced  by  antimony. 

P3rr.,  eta— In  the  closed  tube  a  faint  white  crystalline  sublimate  of  arsenons  oxide.  In  the 
open  tube  arsenous  oxide,  with  a  trace  of  sulphurous  oxide,  the  sssay  becoming  yeUowish- 
green  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule,  which,  treated  with  borax 
glass,  «&£Ford8,  by  successive  oxidation,  reactions  for  iron,  cobalt,  and  nickel.  Soluble  in 
nltro-hydrochloric  add. 

Biff —Distinguished  by  its  color  from  other  similar  sulphides,  as  also  hj  its  pyrognoslioaL 
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Ob*. — Ooonrs  M  Mtyeml  Sucon  minea,  also  in  ThmingUi  Heaie,  and  Styrla,  and  at  AUe- 
moat  in  Daaphiiiy;  ocoaaionallj  in  Comwall ;  Ohili ;  aboiidaiit  at  Minsde  1&  Eioja,  in  th« 
ftigentioe  Frovinoes.     Found  at  Chatham,  Oonn. ,  in  gnelaa,  aiam  iated  with  muUtite. 

BBEITHAUPTiTa.— Compoaitian  IfiSb=Antiiiuinj  07'8,  uiokel  83-2=100.  Colot  light 
copptir-T^     Asdreaaberg-. 

Aritb  —An  antimonilannu  niooolito,  ooatalnlng  33  p.  a.  Sb.    Biww-^renfiaa ;  WoUaoli, 


a   DETJTO   08    PTKITE   DIVISION.- 

(o)  PyriU  Oroup. 

FymTB.*  Iton  TjAUa.    SohwefelkieB,  Biaenklu,  Oflrm. 

iBometric ;  pyi-itohedral.  The  cube  the  mnet  common  form ;  the  pyrito- 
'  •edron,  f.  92,  p.  23,  and  related  forniB,  f.  94,  95,  96,  also  veiy  uommoii. 
See  also  f.  103, 104,  103,  p.  24.  Cubic  faces  often  striated,  with  striationg 
of  adjoining  faces  at  right  angles,  and  due  to  (jacillatory  combination  of  the 
cube  and  pyi-itohedrou,  the  gtrira  liaving  the  dii-ection  of  the  edges  between 
O  and  i-2.  OrystaLs  sometimes  acicular  through  elongation  of  cubic  and 
other  forms.  Cleavage:  cubii:  and  octahedral,  more  or  less  distinct.  Twins; 
twiiiiiig-plane  /,  f.  276,  p.  93.  Also  reniform,  globular,  stalactitic,  with  a 
crystalline  surface ;  sometimes  radiated  sabfibrous.     Massive. 


H.=6-6-5.  G.=4'83-5-2.  Lustre  metallic,  splendent  to  glistening. 
Color  a  pale  brass-yellow,  nearly  nnifonn.  Streak  greenish  or  brownisE- 
black.  Opaque.  Fracture  conchoidal,  uneven.  Brittle.  Strikes  fire  with 
steel. 

Oomp.,  Var— FeB,=finlphnT  S3'8,  iron  40-7=100.  Nlfftel,  oob&lt,  and  thallium,  and  also 
oopper.  KUDStJmea  mplaoe  a  little  of  the  iixin,  or  elae  ooonr  aa  mixtnrea  ;  and  gold  is  aoma- 
tiinea  present,  digtribated  invimbly  through  it. 

Pyr.,  eto. — In  the  olcwed  tnbe  a  anblunate  of  aulpbnr  and  a  ma^etio  residue.  B.B.  oa 
aharcool  givea  off  sulphui',  burning  with  a  blue  flame,  leaving  a  residue  which  reoota  lika 
pjTthotdte.     iDsotnble  in  hjdroohlorio  acid,  bnt  decompoaad  by  nitlio  aoid. 

Diff. — Diatdngnished  from  ohalcopyrite  by  its  gieater  httrdnaes,  since  It  oannot  be  nnt  with 
a  knife ;  an  alao  bj  Its  pale  color ;  bom  moroaaite  bj  its  specific  gravity  and  color.  Hot 
DullealAe  like  gold 

Oba.— Fjrite  ocean  abmuUntlj  In  mokB  of  all  acet,  from  tha  oldeat  caTstaUine  looln  to  tht 
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most  reoent  alluyial  depositB.  It  nsaaUy  oocttn  in  small  onbes,  also  in  Itregolar  siiher.jidai 
nodules  and  in  yeins,  in  clay  slate,  arg^iUaceoos  sandstones,  the  ooal  formation,  etc.  The 
Cornwall  mines,  Alston-Moor,  Derbyshire,  Fahlnn  in  Sweden,  Eongsberg  in  Norway,  Elba, 
Traversella  in  Piedmont,  Peru,  are  well-known  localities. 

Occurs  in  New  England  at  many  places :  as  the  Vernon  slate  quarries ;  Roxbury,  Conn.,  etc. 
In  N.  York,  at  Bessie,  at  Schoharie;  in  Orange  Co.,  at  Warwick  and  Deerpark,  and  many 
other  places.  In  Pennsylvania,  at  Little  Britain,  Lancaster  Co. ;  at  Chester,  Delaware  Co. ; 
in  Carbon,  York,  and  Chester  Cos. ;  at  Comwidl,  Lebanon  Co.,  etc.  In  Wiscormn,  near 
Mineral  Point.  In  N.  Car.,  near  Greensboro',  Guilford  Co.  Auriferous  pyrite  is  common  al 
the  mines  of  Colorado,  and  many  of  those  of  CaUfoznia,  as  well  as  in  Virginia  and  the  States 
south. 

This  species  affords  a  considerable  part  of  the  iron  sulphate  and  sulphuric  add  of  commerce 
and  also  much  of  the  sulphur  and  alum.     The  auriferous  variety  is  worked  for  gold  in  many 
gold  regions. 

The  name  pyrite  is  derived  from  rUp,  fire,  and  alludes  to  the  sparks  from  friction. 

Hauerite.— Composition  MnS9=Sulphur  63*7,  manganese  46*3=100.  Isometric.  Color 
reddish-brown.     Kalluka,  Hungaiy. 


.    OHAIiOOFnUTB,*  Copper  Pyrites.    Kupf ezkieB,  OeniK 

Teti-agonal ;  tetrahedral.  O  A  1-i  =  135°  26';  (?  =  0-98556 ;  O  A 1  =  125*' 
40' ;  1 A 1,  pyr.,  =  109°  53' ;  1 A 1  (f.  440)  =  71°  20'  and  70°  T.  Cleav- 
age :  2-{  sometimes  distinct ;  Oj  indistinct.  Twins :  twinuing-plane  l-i ; 
tne  plane  1  (se<3  p.  94).    Often  massive. 
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H.=8'5-4.  G.=4*l-4"3.  Lustre  metallic.  Color  bmss-yellow ;  subject 
to  tarnish,  and  often  iridescent.  Streak  greenish-black — ^a  little  shining. 
Opaque.    Fmcture  conchoidal,  uneven. 

Oomp.—GuFeSs= Sulphur  84*9,  copper  84*6,  iron  80*5=£l00.  Some  analyses  give  othet 
proportions ;  but  probably  frjni  mixture  with  pyrite.  There  are  indefinite  mixtures  of  tiie 
two,  and  with  the  increase  oi:  the  latter  the  color  becomes  paler. 

This  species,  although  tetragonal,  is  very  closely  isomorphous  with  pjrrite,  the  Tariation 
from  the  cubic  form  being  slight,  the  vertical  axis  being  0 '98556  instead  of  1. 

Traces  of  selenium  have  been  noticed  by  Kersten  in  an  ore  from  Reinsberg  near  Freiberg. 
Thallium  is  also  present  in  some  kinds,  and  more  frequently  in  this  ore  than  in  pyrite. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  sulphur  sublimate ;  in  the  open 
tube  sulphurous  oxide.     B.B.  on  charcoal  gives  sulphur  fumes  and  fuses  to  a  magnetic  glo 
bule.     The  roasted  ore  reacts  for  copper  and  iron  with  the  fluxes ;  with  soda  on  charcoal 
givpR  a  globule  of  metallic  iron  with  copper.     Dissolves  in  nitric  acid,  excepting  the  sulphur, 
and  forms  a  green  solution  ;  ammonia  in  excess  changes  the  green  color  to  a  de^p  blue. 

Dlfif. — ^Distinguished  from  pyrite  by  its  inferior  hardness,  it  can  be  easily  scratched  with 
tlie  knife ;  and  by  its  deeper  color.  Not  maUeable  like  gold,  from  which  it  differs  also  in 
being  decomposed  hj  nitric  aoid. 
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Obt. — Ghaloopyrite  is  the  principal  oze  of  copper  at  the  Cornwall  mines.  Occats  at  Frei< 
herg ;  in  the  Bannat ;  HnngaTj ;  and  Thuringia ;  in  Sootland  ;  in  Tosconj ;  in  Sonth  Auatralia ; 
in  Sae  crystals  at  Cerro  Blanco,  Chili 

A  common  mineral  in  America,  some  localities  are :  Stafford,  Vt.  ;  Bossie,  EllenyiUe,  N.  Y. ; 
Pbenixville,  eta>,  Penn.  The  mines  in  North  Carolina  and  eastern  Tennessee  afford  large 
quantities.  Occnrs  in  Col. ,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Bel  NorU 
Co.,  on  west  side  of,  and  parallel  to,  the  chief  gold  belt ;  occnrring  massiye  in  Calaveras  Co.; 
in  Mariposa  Co.,  etc.  In  Catuiday  in  Perth  and  near  Sherbrooke;  extensiyely  mined  at 
Bruce  mines,  on  Lake  Huron. 

l^amed  from  xa^«t<ii,  brasSy  and  jiyrites^  by  Henckel,  who  observes  in  his  Pyritology  (1725) 
thnt  chalcopyrite  is  a  good  distinctive  name  for  bhe  ore. 

CUBANITU  is  CuFe9S4,  or  CuFcsSs  (Scheidhauer). — Occurs  maesire  at  Barracanao,  Cuba; 
Tunaberg,  Sweden. 

Barnhardtitb,  from  North  Carolina. — Composition  uncertain,  perhaps  Cu^FeaSs.  It  may 
be  partly  altered  from  chalcopyrite. 

Staitnitb  (Zinnkies,  Oerm^, — A  sulphide  containing  26  p.  a  tin ;  also  copper,  iron,  and 
nna    Maaaive.    Color  steel-gray.    Chiefly  from  Cornwall,  also  Ziunwald. 


ZJNNJUITIL    Kobaltnickelldea,  0mm, 

Isometric.  Cleavage:  cubic,  imperfect.  Twins:  twinning-plane  octa- 
hedml.    Also  massive,  granular  to  compact. 

H.=5'5.  Q.=4'8-5.  Lustre  metallic.  Color  pale  steel-gray,  tarnishing 
copper-red.     Streak  blackish-gray.     Fracture  uneven  or  subconchoidal. 

Comp— CotS4  (or  2CoS+CoSfl)=Sulphur  420,  cobalt  /)8-0=100;  but  having  the  cobalt 
replaced  piurtly  by  nickel  or  copper,  the  proportions  varying  very  much.  The  Musen  ore 
{siegenite)  contains  30-40  p.  c.  of  nickeL 

Pyr.,  etc — The  variety  from  Musen  gives,  in  the  closed  tube,  a  sulphur  sublimate ;  in  the 
open  tube,  sulphurous  fumes,  with  a  faint  sublimate  of  arsenous  oxide.  B.B.  on  charcoal 
gives  arsenical  and  sulphurous  odors,  and  fuses  to  a  magnetic  globule.  The  roasted  mineral 
gives  with  the  fluxes  reactions  for  nickel,  cobalt,  and  iron.  Soluble  in  nitric  abid>  with  separa- 
tion of  sulphur. 

I>i£E!r— Distinguished  by  its  color,  and  isometric  crystallization. 

Obs. — In  gneiss,  at  Bastnaes,  Sweden;  at  Miisen,  near  Siegen,  in  Prussia;  at  Siegen 
(tiegeniU)^  in  octahedrons ;  at  Mine  la  Motte,  in  Missouri,  most^  massive,  also  crystalline  * 
and  at  Mineral  Hill,  in  Ma]7land. 


SMALTTTXI.*  Speiskobalt,  Oerm, 

m 

Isometric.  Cleavage :  octahedral,  distinct ;  cubic,  in  traces.  Also  mas* 
sive  and  in  reticulated  and  other  imitative  shapes. 

H.=5'5-6.  G.=6*4  to  7'2.  Lustre  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish-black.     Fracture  granular  and  uneven,     ^orittle. 

Oomp.,  Var. — For  typical  kind  (Go,Fe,Ni)Asa=  (if  Go,  Fe,  and  Ni  be  present  in  equal 
parts)  Arsenic  72*1,  cobalt  9  4,  nickel  9*5,  iron  9*0=100.  It  is  probable  that  nickel  is  never 
wholly  absent,  although  not  detected  in  some  of  tiie  earlier  analyses ;  and  in  some  kinds  it  ii 
the  principal  metal.     The  proportions  of  cobalt,  nickel,  and  iron  vary  much. 

The  f oUowing  analyses  wiU  serve  as  examples  of  the  different  varieties : 

Gn 

1-39  S 0-66,  BiOOl  =99-88  HofmaoA 

S  2'29=98'93  Bammelsberg. 

8  211=100. 

S0*85=99'6dKar8tedt. 


As 

Go 

Ni 

Fe 

1. 

Schneeberg                 70*37 

13-95 

1-79 

11-71 

2. 

Allemont  {cfdoanthUe)  71*11 

18-71 

6*82 

8. 

Itiedhelsdorf                 60*42 

10-80 

25*87 

0-80 

4. 

Schneeberg                  74  80 

8-79 

12*86 

7-33 
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P3rr.,  eto.F— In  the  cloee  tabe  gives  a  sablimaie  of  metallio  anenlo ;  in  the  open  tabe  a 
white  snbl^nate  of  aisenoiu  oxide,  and  sometimes  traces  of  solphnroas  oride.  B.B.  on  char- 
coal gives  an  arsenical  odor,  and  fuses  to  a  globule,  which,  treated  with  suooessiTe  portiooa 
of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickeL 

Obs. — Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  ores  of  silvei 
and  copper ;  also,  in  some  instances,  with  niccolite  and  arsenopyrite ;  often  having  a  coatixig 
of  annabergite. 

Occurs  at  Schneeberg,  etc.,  in  Saxony ;  at  Joachimsthal ;  also  at  Wheal  Spamon  in  Corn' 
wall ;  at  Riechelsdorf  in  Hesse ;  at  Tunaberg  in  Sweden  ;  AUemont  in  Dauphin^.  Also  in 
dystals  at  Mine  La  Motte,  Missouri  At  Chatham,  Conn. ,  the  chloanthito  {c/tathamUe)  oocoxa 
in  mica  slate,  associated  generally  with  arsenopyrite  and  sometimes  with  niocolite. 

Spathioptbitb  is  closely  allied  to  smaltite,  with  which  it  occurs  at  Bieber  in  Hessen. 

Skutterudite  (Tesseralldes,  Germ,), — CoAbi= Arsenic  79*2,  cobalt  20*8=100.  Xsometdo. 
Skutterud,  Norway. 


OOBAIiTXTB.    Glance  Cobalt    Eobaltglanz,  Germ, 

Isometric ;  pyritohedraL  Commonly  in  pyritohedrons  (f.  92,  95,  etc., 
p.  23).  Cleavage:  cubic,  perfect,  tlanes  O  striated.  Also  massive, 
granular  or  compact. 

H.=5*5.  G.=6-6'3.  Lustre  metallic.  Color  silver-white,  inclined  to 
red  ;  also  steel-gray,  with  a  violet  tinge,  or  grayish-black  when  containing 
much  iron.     Streak  grayish-black.     Fracture  uneven  and  lamellar.    Brittle. 

Oomp.,  Var.^CoABS  (or  CoSa+CoAsO^ Sulphur  19*3,  arsenic  45 '2,  cobalt  85*5=100.  The 
oobalt  is  sometimes  largely  replaced  by  iron,  and  sparingly  by  copper. 

Pyr.,  eto. — Unaltered  in  the  closed  tube.  In  the  open  tube,  gives  sulphurous  fumes  and 
a  crystalline  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  gives  off  sulphur  and  arsenic, 
and  fuses  te  a  magnetic  globule  ;  with  borax  a  cobalt-blue  color.  Soluble  in  warm  nitric  acid, 
separating  arsenous  oxide  and  sulphur. 

DiA^DistiDgfrnshed  by  its  reddish- white  color;  also  by  its  pyritohedral  form. 

Obs. — Occurs  at  Tunaberg,  Hokansbo,  in  Sweden  ;  also  at  Skutterud  in  Norway.  Other 
localities  are  at  Querbach  in  Silesia,  Siegen  in  Westphalia,  and  Botallack  mine,  in  Cornwall. 
The  most  productive  mines  are  those  of  Vena  in  Sweden. 

This  species  and  smaltite  afford  the  greater  part  of  the  smalt  of  commerce.  It  la  alao 
employed  in  porcelain  painting. 


OERSDORFFITE.    Nickelarsenikkies,  Arseniknickelglanz,  Germ. 

Isometric ;  pyritohedral.  Cleavage :  cubic,  rather  perfect  Also  lamel- 
lar and  granular  massive. 

H.=5-6.  G.=5.6-6'9.  Lustre  metallic.  Color  silver-white — ^steel- 
gmy,  often  tamished  gray  or  grayish-black.  Streak  grayish-black.  Frac- 
ture uneven. 

Oomp.,  Var.— Normal,  NiAsS  (or  NiSa+KiAs4):=  Arsenic  45*6,  sulphur  19*4,  nickel  85  1  = 
100.    The  composition  varies  in  atomic  proportions  rather  widely. 

"Pyr,,  etc. — Iii  the  dosed  tube  decrepitotes,  and  g^ves  a  yeUowish-brown  sublimate  of 
arsenic  sulphide.  In  the  open  tube  yields  sulphurous  fumes,  and  a  white  sublimate  of  arsen- 
ous oxide.  B.B.  on  charcoal  gives  sulphurous  and  garlic  odors  and  fuses  to  a  globule,  which, 
with  borax-glass,  gives  at  first  an  iron  reaction,  and,  by  treatment  with  fresh  portions  of  the 
flux,  cobalt  and  nickel  are  successively  oxidized. 

Decomposed  by  nitric  acid,  forming  a  green  solution,  with  separation  of  sulphur  and  acsen- 
ous  oxide. 

Obs.— Occurs  at  Loos  in  Switden ;  in  the  Bars:  at  Schladming  in  Styria;  Eamsdorf  in 
Lower  Thuringia;  Haueisen,  Voigtland;  near  Ems.  Also  fotuid  as  an  inoroBtation  ar 
PhenixviUe,  Pa. 
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TTLLMAinfiTB.— UlSbS  (NiS«4-Ni8b,)=Antimoxiy  67-2,  snlphor  15  1,  nickel  37-7=100 
Generally  containa  also  some  axsenia    Color  steel-gray.    Siegen,  Hangerode,  eta 

CoRYNTTB.— Ni(A8,Sb)S,  but  the  aiBenic  (88  p.  a)  in  excess  of  the  antimony.  Olsa,  Oorln- 
thia.  WoLPACniTB  (Petersen),  from  Wolfaoh,  Baden,  is  similar  in  composltLon,  but  if 
orthorhombic  in  form. 

Laurits.— An  oemiam-rathenium  solphide.  Analysis  (Wohler)  Sulphur  81*79  [Osmlou 
8-08],  Ruthenium  65.18=100.  Occurs  in  minute  octahedrons  from  the  platinum- waahiigi 
of  Borneo ;  as  also  those  in  Oregon. 


(J)  Marcastte  Group.    Orthorhombic, 


BCAROASTTB.    White  Iron  Pyrites.    Strahlkies,  eta,  Oerm, 

Orthorhombic.     /A  /=  106°  5',  0  A  1-t  =  122^  26',  Miller ;  i:l:drs 
1-6737  : 1-3287  : 1.     O  A 1  =  116^  65' ;  Oa  1-« 
=  130°  10'.    Cleavage:  /rather  perfect;  l-«  443 

in  traces.  Twins :  tvi^ning-plane  7,  sometimes 
consisting  of  five  individuals  (sec  f.  308,  p.  98) ; 
also  1-i.  Also  globular,  reniform,  and  other 
imitative  shapes — stnictnre  straight  columnar; 
often  massive,  columnar,  or  granular. 

B[.:=6-6  6.  G.=4-678-4-847.  Lustre  metallic.  Color  pale  bronze-yel- 
low, sometimes  inclined  to  ffreen  or  gray.  Streak  grayish-  or  bix>wni8h- 
black.    Fracture  uneven.    Brittle. 

Comp.,  Var.~.FeS«,  like  pyrites Snlphor  53 '3,  iron  46*7=100. 

The  varietieB  that  have  beeoi  recognized  depend  mainly  on  state  of  oiTstalliiation ;  as  the 
Radiated  {Strn/Ukies) :  Radiated ;  also  the  eimple  crystals,  fhekioomb  {Kammkie^) :  Aggfre- 
gations  of  flattened  crystals  into  crest-like  forma  Spear  {Speerkiee) :  Twin  crystals,  with 
reentering  angles  a  little  like  the  head  of  a  spear  in  form.  uapiUarjf  {Haarkiee) :  In  capil- 
lary ciystollizations,  etc. 

Pyr. — Like  pyrite.    Very  liable  to  decomposition ;  more  so  than  pyrita 

Diff. — DisUngaished  from  pyrite  by  its  paler  color,  especially  marked  on  a  fresh  snzfaoe ; 
by  its  tendency  to  tarnish ;  by  its  inferior  specific  grayity. 

Obs. — Occurs  near  Oarlsbad  in  Bohemia ;  at  Joachimsthal,  and  in  seyeral  parts  of  Saxony ; 
in  Derbyshire ;  near  Alston  Moor  in  Gamberland ;  near  Tavistock  in  Devonshire,  and  in 
OomwaU. 

At  Warwick,  N.  Y.  Massive  fibrous  varieties  abound  throughout  the  mica  slate  of  New 
England,  particiUarly  at  Gummington,  Mass.  Occurs  at  Lane's  mine,  in  Monroe,  Conn.  ;  in 
Trumbull ;  at  East  Haddam ;  at  Haverhill,  N.  H. ;  Galena,  IlL,  in  stalaotites.  Li  Canada  in 
Neebing. 

Marcasite  is  employed  in  the  manufactore  of  sulphur,  sulphuric  add,  and  iron  sulphatA^ 
though  less  frequently  than  pyrita 


ARSBNOPTRITB,  or  MISPIOKEL.    Axaenical  Pyrites.    Axaenikkies,  Qernu 

Ortliorhombic.  / A  /=  111^  63',  0  A 14  =:  119**  87' ;  ^  :  2  :  4  =  1  -7588  : 
1-4798:1.  (9a1  =  115°  12',  (9a1-«  =  180°  4'.  Cleavage:  /rather 
distinct ;  0,  faint  traces.  Twins :  twinning-plane  /,  and  1  -i.  Also  colam- 
nar,  straight  and  divergent ;  granular,  or  compact 

K=5-5-6.    G.=i6*0-6-4 ;  6-269,  Franoonia,  Kenugott    Lustre  metallia 
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Color  Bilver-white,  inclining  to  steel-gray.   Streak  dark  grayish-black.    FrM> 
tnre  uneven.    Brittle. 


448 


445 


Franoonia,  N.  H.  Franoonia,  N.  H.,  and  Kent,  K.  T. 


Danaite. 


Oomp^  Var.— FeA8S=FeSs+FeA8fl=ArBemo46*0.  snlphnr  19*6,  iron  84*4=100.  Part  of 
the  iron  sometimes  replaced  by  cobaJt ;  a  little  nickel,  bismuth,  or  silver  are  also  oocasionally 
presents  The  oobaltio  variety,  called  dnnaite  (after  J.  Freeman  Dana),  contains  4>10  p.  c.  of 
cobalt. 

P3rr.,  etc. — ^In  the  closed  tube  at  first  gives  a  red  sublimate  of  arsenic  sulphide,  then  a 
black  lustrous  sublimate  of  metallic  arsenic.  In  the  open  tube  gives  sulphurous  fumes  and  a 
white  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  gives  the  odor  of  arsenic.  The  varietiea 
containing  cobalt  give  a  blue  color  with  borax-glass  when  fused  in  O.F.  with  suocessive  por- 
tions of  flux  until  all  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor. 
Decomposed  by  nitric  acid  with  separation  of  arsenous  oxide  and  sulphur. 

Difif. — Distinguished  by  its  form  from  smaltite.  Leucopyrite  (lolUngite)  do  not  give 
decided  sulphur  reactions. 

Obs. — Found  principally  in  crystalline  rocks,  and  its  usual  mineral  associates  are  ores  of 
silver,  lead,  and  tin ;  pyrite,  chalcopyrite,  and  spalerite.    Occurs  also  in  serpentine. 

Abundant  at  Freiberg ;  at  Reichenstein  in  Silesia ;  at  Schladming ;  Andreasbeig ;  Joachims- 
thal ;  at  Tanaberg  in  Sweden ;  at  Skutterud  in  Norway ;  in  Cornwall ;  in  Devonshire  at  the 
Tamar  mines. 

In  UTew  Hampahirey  in  gneiss,  at  Franoonia  {danaite) ;  also  at  Jackson  and  at  HaverhilL 
laMainey  at  Blue  Hill,  Corinna,  etc.  In  Vermont,  at  Brookfield,  Waterbuty,  and  Stockbridge. 
In  Ma98.y  at  Worcester  and  Sterling.  In  Conn.^  at  Monroe,  at  Mine  Hill.  Roxbuiy.  In  New 
Jersey ^  at  Franklin.  In  N,  York,  massive,  in  Lewis,  Essex  Co.,  near  Edenville,  and  else- 
where in  Orange  Co.;  in  Carmel;  in  Kent,  Putnam  Co.  In  CaUfomia,  Nevada  Co.,  Grass 
valley.  In  S.  America,  in  Bolivia ;  also,  niceoUferoue  var.,  between  La  Pas  and  Tungas  in 
Bolivia  (anal  by  Kroeber). 

LoLLiKoiTE  is  FeAss  (=Ar8enic  72*8,  iron  27'2),  and  LBUCOFnriTB  is  Fe^Asa  (=Arsenic 
66*t5,  iron  33-2).  They  are  both  like  arsenopyrite  in  form.  '  Found,  the  former  at  Lolliuf^  ; 
Schladming;  Satersberg,  near  Foesum,  Norway ;  the  latter  at  Reichenstein ;  Geyer  (geyerite) 
near  HUttenberg,  Carinthla. 

Glaucodot  (Co,Fe)S9+(Co.Fe)As,,  with  Co  :  Fe=2  :  1= Sulphur  19*4,  arsenic  45*5,  cobalt 
28*8,  iron  11 '8=100.     Form  like  arsenopyrite.     Huasoo,  Chili;   Hakansbd,  Sweden. 

Alloclasitb  R4(As,Bi)tSe,  with  R=Bi,Co,Ni,Fe,Zn.    Orawicza,  Hungary. 


STLVANITB.    Graphic  Tellurium.     Sehriftera,  Sohrift-Tellur,  Oerm. 

Moiioclmic.  0  =  65^  21  J',  /A /=  94^  26',  O A  1-i  =  121°  21' ;  c:i: 
d  =  1'7732  :  0*889  : 1,  Kokscharof .  Cleavage :  i-i  distinct.  Also  massive ; 
iraperfectly  columnar  to  grannlar. 

H.=l*5-2.  G. =7*99-8'33.  Lustre  metallic.  Streak  and  color  pure  steel- 
gray  to  silver-white,  and  sometimes  nearly  brass-yellow.    Fracture  nnevea 

Oomp.,  Var— (Ag,Au)Tet=(if  Ag  :  Au=l  :  1)  Tellurium  55-8,  gold  88-6,  Baverl5'7=:10a 
Antimony  aometimea  replaoes  part  of  the  teUurium,  and  lead  part  of  the  other  metala. 
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PyTi^  etc.— In  the  open  tnbe  gives  a  white  sublimate  which  near  the  assay  is  gi&y ;  when 
fciMited  with  the  blowpipe  flame  the  sublimate  fuses  to  clear  transparent  drops.  B.B.  oa 
eharooal  fuses  to  a  dark  gray  globule,  covering  the  ooal  with  a  white  coating,  which  treated 
In  R.F.  disappears,  giving  a  Uniah-green  color  to  the  flame;  after  long  blowing  a  yellow, 
malleable  metalUo  globule  is  obtained.  Most  varieties  give  a  faint  ooathig  of  the  oxides  oi 
lead  and  antimony  on  charcoal. 

Obs. — Occurs  at  Offenbanya  and  Nagyag  in  Transylvania.  In  Oalifomia,  Calaveras  Oa,  at 
the  Melones  and  Stanislaus  mines ;  Bed  Cloud  mine,  Coloiada 

Namnd  from  Transylvania,  the  oountiy  in  which  it  occurs,  and  in  allusion  to  siflvaniuniy  one 
of  the  names  at  first  proposed  for  the  metal  tellurium.  Oidled  graphic  because  of  a  resem- 
blance  in  the  arrangement  of  the  crystals  to  writing  characters. 

Schrauf  has  stat^  that,  according  to  his  measurements,  ^ylvanite  is  &rthor?iombio, 

Oalavkritb  {QentK)  has  the  composition  AuTe4= Tellurium  65*5,  gold  44*6=100.  Mas* 
live.    Color  bronie-yellow.    Stanislaus  mine,  OaL  ;  Bed  Oloud  mine,  Colorado. 

NAaTAarXTL*  Bl&tterers,  BliltterteUnr,  Germ. 

Tetragonal.    (?  A  1-i  =  127^  37' ;  c  =  1-298.    (?  A 1  =  118°  87'.    Oleav- 
age:  basal.    Also  granularlj  massive,  particles  of 
various  sizes ;  generally  foliated.  446 

H. = 1-1*5.  G. = 6'85-7'2.  Lustre  metallic,  splen- 
dent Streak  and  color  blackish  lead-gray.  Opaque. 
Sectile.    Flexible  in  thin  laminsa. 

Oomp.— Uncertain,  perhaps  B(3,Te)9,  withB=Pb,Au  (Bamm.).  Analysis,  Schonlein,  Te 
80-52,  S  8-07,  Pb  5078,  Au  911,  Ag  0-58,  Cu  0-99=100. 

PyT.|  eta — In  the  open  tube  gives,  near  the  assay,  a  grayish  sublimate  of  antimonate  and 
tellu/ate,  with  perhaps  some  sulphate  of  lead  ;  farther  up  the  tube  the  sublimate  conaiAts  of 
antimonous  oxide,  which  volatilises  when  treated  with  the  flame,  and  tellurous  oxide,  which 
at  a  high  temperature  fuses  into  colorless  drops.  B.B.  on  charcoal  forms  two  coatings :  one 
white  and  volatile,  consisting  of  a  mixture  of  antimonite,  tellurite,  and  sulphate  of  lead ;  and 
the  other  yellow,  less  volatile,  of  oxide  of  lead  quite  near  the  assay.  If  the  mineral  is  treated 
for  some  time  in  O.F.  a  malleable  globule  of  gold  remains ;  this  cupelled  with  a  little  assay 
le:id  assumes  a  pure  gold  color.    Decomposed  by  nitro-hydrochloric  acid. 

Obs. — At  Nagyag  cmd  Offenbanya  in  Transylvania,  in  foliated  masses  and  crystalline  plates. 

GoVBLLiTE  (Kupferindig,  &0rm.).— Composition  CuS= Sulphur  88*5,  copper  66  5=100. 
Hexagonal.  Commonly  massive.  Color  izidigo-blne.  ALmsfeld,  etc. :  Vesuvius,  on  lava ; 
Chill 

MKLonrrB  {Gmth.).—A  nickel  telluride,  formuU  probably  NiaTei^tellurinm  76*5,  nickel 
28*5=100.  Hexagonal  Cleavage  basal  eminent.  Color  reddish- white.  Streak  dark-gn^. 
Occurs  mixed  with  other  t^urium  minerals  at  the  Stanislaus  mine,  OaL 


8.  TERNARY    COMPOUNDS.    SuLPHARSENiTBfl,  Sulphantimonitbb, 

SuLPHOBISMUTHrrES.* 

(a)  Qrottp  I.    Formula  R(A8,Sb),S4=RS+(AB,Sb)A- 

MXARaraiTB. 

Monoclinic.  0=  48^  14';  7a  7=  106^  81\0a  14  =  136°  8';  c:b:d 
=  1-2883  :  0-9991  :  1,  Nanraann.  Crystals  thick  tabular,  or  stout,  or  short 
prismatic,  pyramidal.  Lateral  planes  deeply  striated.  Cleavage :  i-i,  1-i 
imperfect. 

*  The  spedes  of  this  gronp  contain  as  bases  chieflj  copper,  lead,  and  silver.  Thejr  can  be 
most  readily  disting^ned  by  their  behayior  before  the  blowpipe.  Attention  may  be  called 
to  the  group  of  lead  sulphantimonites,  ^inkmite^  jpiagionite^  (jametoniU)  boutangerite^  mens* 
'jkirUte^  geocroni  e,  for  which  the  pyrognostios  are  nearly  simUar,  and  which  axe  most  surslf 
«*^^ngulshed  by  their  specific  gravity. 
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H.=2-2*5.  G.=5*2-5*^  Luetre  Biibmetallic-adatnantine.  Color  iron 
black.  Streak  dark  cherry-red.  Opaque,  except  in  thin  splinters,  w'licb, 
by  transmitted  light,  are  deep  blood-red.     Fi*actnre  subconchoidal. 

Oomp.— AgSbSs  (or  AgaS+SbflSi)=Siilphiir  21*8,  antimonj  41*5,  nlveT  86*7=100. 

Pyr.,  etc. — ^In  the  doeed  tube  decrepitates,  fuses  easily,  and  giyes  a  sablimate  of  antimonj 
snlphide ;  in  the  open  tube  snlphoroos  and  antimonoof  fumes,  the  latter  as  a  white  sublimate. 
B.B.  on  oharcoal  fuses  quietly,  with  emission  of  sulphur  and  antimony  fumes,  to  a  gray  bead, 
which  after  continued  tieatment  in  O.F.  leayes  a  bright  globule  of  silver.  If  tii«  silver  giobola 
be  treated  with  phosphorus  salt  in  O.F. ,  the  green  glass  thus  obtained  shows craces  of  ooppez 
when  fused  with  tin  in  B.F. 

Decomposed  by  nitric  add,  with  separation  of  sulphur  and  ontimonous  oxide. 

Obs.— At  Braiinsdorf,  near  Freibezg  in  Sazimy ;  Felsobanya  {kmng&Uite);  Pndbram  in 
Bohemia ;  Glausthal  {hyjxm'gyrite)  \  Guadalajara  in  Spain ;  at  Parenoe,  and  the  mine  St^  M* 
de  Oatoroe,  near  Potosi;  also  at  Molinares,  Mezloo. 

8ART0BXTB.    SOLVROCLAflB. 

Orthorhombic     7  A  /=  123^  21',  (9  A  l-t  =  ISl^*  3' ;  <5 :  2  :  rf  =  1-1483  : 

1'8553  : 1.   Crystals  slender.   Cleavage : 
447  0  quite  distinct. 

H.=3.  G.=5-393.  Lustre  metallic 
Color  dark  lead-grav.  Streak  reddish- 
brown.    Opaque,    brittle. 

Oomp.— PbAs«S4(PbS+AshSt)=Snlphur  26*4^ 
axsenio  80  0,  lead  42-7=100. 

Pyr,,  eta — Nearly  the  san^e  as  for  dufrenoy* 
site  (q.  v.),  but  differing  in  strong  deorepitatioxi. 
Obe.— From  the  Binnen  valley  with  dufrenojo 
site  and  binnite.     As  the  name  Sderoclase  ii 
inapplicable,    and   the   mineral   was   first   an- 
nounced by  Sartorius  v.  Waltenhausen,  the  spedes  may  be  appropriately  called  Sartorite, 
It  is  the  hinnUe  of  Heusser. 

ZXNKBNITB. 

Orthorhombic.  I A  /=  120®  39',  Hose.  Usual  in  twins,  as  hexagonal 
prisms,  with  a  low  hexagonal  pyramid  at  summit.  Lateral  faces  longitudi- 
nally striated.  Sometimes  columnar,  fibrous,  or  massive.  Cleavage  not 
distinct. 

n.= 3-3*5.  G.=6'30-5'36.  Lustre  metallic  Color  and  streak  steel- 
gray.     Opaque.    Fracture  slightly  uneven. 

Oomp.— FbSb,34  (or  PbS+SbtSi)= Sulphur  22*1,  antimony  42*2,  lead  86*7=100. 

Pyr.,  etc. — Decrepitates  and  fuses  very  easily  ;  in  the  closed  tube  giyes  a  faint  sublimate 
of  sulphur  and  antimonous  sulphide ;  in  the  open  tube  sulphurous  fumes  and  a  white  subli* 
mate  of  oxide  of  antimony.  B.  B.  on  charcoal  is  almost  entirely  volatilised,  giving  a  coating 
which  on  the  outer  edge  is  white,  and  near  the  assay  dark-yellow ;  with  soda  in  R.F.  yielcb 
globules  of  lead. 

Soluble  in  hot  hydrochloric  add  with  evolution  of  sulphuretted  hydrogen  and  separation  of 
lead  chloride  on  cooling. 

Besembles  stibnite  and  boumonite,  but  may  be  distinguished  by  its  superior  hardness  and 
specific  gravil^. 

Obs.--0ccurB  at  Wolfsberg  in  the  Han. 

Ohalcostibitb  (Kupferantimonglans,  Qerm,). — Composition  GuSbSs  (or  OusS  f  SbsSi)£t 
Sulphur  25 '7,  antimony  48*9,  copper  25*4.  Oolor  UoA-gnj  to  iron-gray.  Wolfsberg  in  tlie 
Hars. 

EMFLBcrrTB  (Kupferwismuthglans,  Qerm,), — Oomposition  GuBiS«  (or  0a4S+BiiSi)=-8td- 
phur  19*1,  bismuth  62*0,  copper  18*9=100.  Color  grayish  to  tin-white.  Sohwaraenbeiv, 
Bczony;  Copiapo,  ChilL 
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'  BEHTmiSBiTB.— -Oomporition  approxixnatelj  FeSbsSi  (orFeS+Sb9Ss)=SiilFliar80*0,  antl- 
moDj 57*0,  iron  13*0=100.  Oolor  dark steel-grij.  AuTeigne ;  BrSansdorf,  Saxony;  Oocn< 
wall,  eto. ;  San  Antonio,  Oal. 

(5)  Sub-Group.    Formula  E^Aj3,Sb,Bi)4S9=3TlS  +  2(A8,Sb,Bi)2S,. 

Pi4AaiONiTB.^0ompo8ition  (Boee)  Pb4SbeSit  (or  4PbS+8SbsSt)=SaIphar  21-1,  antimonj 
87*0,  lead  41  0.    Monodinio.    G.  =5*4.     Found  at  Wolfsbeig  in  the  Harz. 

JoRDANiTB  (v.  Bath).— Composition  PbtAsiSg  (or  dPbS+2ABsSs)=Salphnr  28*8,  anenic 
24*8,  lead  51  '4.  Ortiiorhombio.  Besembles  sartorite,  bat  dlstin^aiBhed  by  its  block  streak, 
its  six-sided  twins,  and  by  not  decrepitating  B.B.    Binnenthal,  Switzerland. 

BiNNiT^ — Composition  probably  CaeASiSg  (or  8Ca9S+2AssSi)=Salphar  20*7,  arsenic  81  -0, 
copper  89*3=100.  Isometric.  Streak  cherxy-red.  Binnenthal  in  dolomite  (dttjfrd/itfsysf^  ol 
y.  Waltershausen). 

Klafkotholits  (Petenm). — Composition  CaeBi4Sb9  (or  8Ca3S +2BisSs).  Orthorhombio. 
Clearage  >-i  distinct.    Color  steel-gray.     G.=4-6.     Wittichen,  Baden. 

ScHiBHERiTE  {Omth),'^Compomtion  B|Bi4S,  (or  8BS  +  2Bi,Ss),  with  B=Ags  :  Pb:^2  :  1. 
This  requites  sulphnrltf '4,  binnath  47-8,  silver  24-5,  lead  11*8=100.    Ha88iTe,dii 
in  quartz.    Color  lead-gray.    Bed  Cloud  mine,  Colorado. 


(o)  Gboup  IL    Formula  Ea(Sb,A8)aS5=2RS+(Sb,Afl)^,. 

JABSBSONim.    Federerz,  Germ. 

Orthorhombic.  7a  /=  101*^  20'  and  78^  40'.  Cleavage  basal,  highly 
perfect;  /and  ^-{  less  perfect.  Usually  in  acicular  crystals.  Also  fibrous 
massive,  parallel  or  divergent ;  also  in  capillary  forms ;  also  amorphous 
massive. 

H.=2-3.  G.=5'6-6'8.  Color  steel-gray  to  dark  lead-gray.  Streak 
gray. 

Oomp.— Pb,Sb,S5  (or  2PbS-|-8b,S,) ;  more  strictly  2PbS=2  (or  Pb,Fe)S.  If  Fe  :  Pb=l  ; 
4,  Sulphur  21-1.  antimony  82*2,  lead  48*7,  iron  80=100.  Small  quantities  of  line,  bis* 
mnth,  silver,  and  copper  are  also  sometimes  present 

P3rr. — Same  as  for  xinkenite. 

Diff. — Diatinguished  from  other  related  species  by  its  perfect  basal  deavage. 

Obs. — Jainesonits  occurs  principally  in  Cornwall,  in  Siberia,  Hungary,  at  Valentia,  d'Aloan- 
tara  in  Spain,  and  Brazil. 

The  feather  are  occurs  at  Wolfsbeig  in  the  Eastern  Harz ;  also  at  Andreasbeig  and  Clans* 
thai ;  at  Freiberg  and  Sohemnits ;  at  Pf affenberg  and  Meiseberg ;  in  Tuscany,  near  Bottino ; 
at  Chonta  in  Pern. 


DXJFRBNOTSnFZI. 

Orthorhombic.     /A  /=  93^  89',  (?  A 14  =  121^  80',  iilid^  1-6318  : 
1*0658  : 1.     Usual  in   thick  rectan- 
gular tables.     Cleavage:  O  perfect.  **B 
Also  massive. 

H.=3.  G.=5-549-5-569.  Lustre 
metallic.  Color  blackish  lead-gray. 
Streak  reddish-brown.  Opaque.  Brit- 
tle. 

Ck)mp.^PbtAsaS»  (or  2PbS+2AsflSt)=Siil- 
llinr  22*10,  arsenic  20-72,  lead  67*18=100. 

Pyr.,  etc.— Easily  fuses  and  giyesasubli- 
lAate  of  sulphur  and  arsenous  sulphide;  in 
the  open  tube  a  smnll  of  sulphur  oi^,  with  a  subUmate  of  salphur  in  upper  part  of  tabt,  an/d 
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of  anenouB  oxide  below.  On  oharooa:  decvepiiates,  meltCi  yields  fames  of  anenio  and  t 
griobnle  of  lead,  which  on  cnpellation  yields  silver. 

Obs. — From  the  Binnenthal  in  the  Alps,  in  crystalline  dolomite,  along  with  sartorite,  Jordan- 
ite«  binnite,  etc. 

Damoor,  who  first  studied  the  arsenio-solphides  of  the  Binnenthal,  anslyied  the  massiTa 
ore  and  named  it  dufreruyrite.  He  inferred  that  the  crystallization  was  isometric  from  somo 
associated  crystals,  and  so  published  it.  This  led  von  Waltershansen  and  Heosser  to  call  the 
isometric  mineral  dufrenoysite,  and  the  latter  to  na  Jie  the  orthorhombic  species  binnite.  Von 
Wnltershausen,  after  studying  the  prismatic  nuneral,  made  out  of  the  species  arMnomelan  and 
scUroeUue,  yet  partly  on  hypothetical  grounds.  Recently  it  has  been  found  that  three  ortho- 
rhombic  minerals  e±ist  at  the  locality,  as  announced  by  vom  Bath,  who  identifies  one,  by  speci- 
fic gravity  and  composition,  with  Damour^s  dufrenoynU;  another  he  makes  seieradase  of  von 
Waltershansen  (sartorite,  p.  250)  ;  and  the  other  he  names  jardanite  (p.  2ol).  The  isometric 
nuneral  was  called  binnite  by  DesGloiieaux. 


FlUBXBSIiBBBllXTB.    Sohtlfglasers,  Oemu 

MonocHmc    O  =  87°  46',  /A  7=  119°  12',  (?  A 14  =  137°  10'  (B.  &  M.) ; 

c  :  ?  :  d  =  1-5802  : 1-7032  : 1.        O  A  1-t  =  123°    55'. 
449  Prisms  longitudinally  striated.     Cleavage  :  /  perfect. 

H.= 2-2-5.  G.= 6-0-4.  Lustre  metallic.  Color  and 
streak  liffht  steel-gray,  inclining  to  silver-white,  also 
blackish  lead-gray.  Yields  easily  to  the  knife,  and  ie 
rather  brittle.     Fracture  subconchoidal — uneven. 

Oomp.— PbaAgsSbsSi..  Ramm.  (or  TBS+SSbsSs,  with7ES=4PbS 
-|-8Ag9S)=:Salphur  18-8,  antimony  26  0,  lead  SO'o,  silver  28-8=100. 
^yr,^^hi  the  open  tube  gives  solphnrous  and  antimonial  fumes, 
the  latter  condensing  as  a  white  sublimate.  B.  B.  on  charcoal  fuses 
®<^7t  giving  a  coating  on  the  outer  edge  white,  from  antimonoiu 
oxide,  and  near  the  assay  yellow,  from  oxide  of  lead ;  continued 
blowing  leaves  a  globule  of  silver. 

Obs. — Occurs  at  Freibetg  in  Saxony  and  Kapnik  in  Transylvania;  at 

Batieborzitz ;  at  Przibram ;  at  Felsbbanya;  at  Hiendelencina  in  Spain. 

According  to  v.  Zepharovich,  the  mineral  from  Przibram  and 

BriiTmsdorf,  and  part  of  that  from   Freiberg,  while  identical  in  composition  with  freiea- 

iebenite,  has  an  orthorhombic  form.     It  is  called  by  him  DiAFHORFTfi. 

BBONQNiARDrrB.— Composition  AgsPhSbaSs  (or  PbS+Ag9S+SbsSs)= Sulphur  19 '4,  anti- 
mony 29*5,  silver  20  '1,  lead  26*0=100.  Isometric ;  in  octahedrons,  also  massive.  Color  gray- 
ish-black.   Mexico. 

CosALrrs  ((?tf;i^ A). —Composition  Pb^BisSs  (or  2PbS+Bi3Ss)=Sulphur  10*1,  bismuth  42*2, 
lead  41 '7= 100.  Color  lead-gray.  Soft  and  brittle.  Cosala,  Sinaloa,  Mexico.  Identical 
(Frenzel)  with  Hermann^s  rettbanpite, 

PTRosTiLPNrrK  (Feuerblende,  Oerm.), — ^In  delicate  crystals;  color  hyacinth-red.  Con- 
tains 62  8  p.  c.  silrer,  also  sulphur  and  antimony.     Freiberg ;  Andreasberg;  Przibram. 

BiTTiKOBBiTS. — In  minute  tabular  oiystals.  Color  blade  StieaJi:  orange-yellow.  Coa* 
tains  sulphur,  antimony,  and  silver.    JoaohimsthaL 


(d)  Geoup  III.    Formula  E«(A8,8b)s|Se=  3RS  +  (Afl,Sb) A- 


PnUkRaYRITS.    Rabj  SUver.    Dark  Bed  Silver  Ore.    Dunkles  BothgOltlgerz,  Chrm. 

Sliombohedral.  Opposite  extremities  of  crystals  often  unlike.  H  aM 
=  108^  42'  (B.  &  M.) ;  OaR  =  137°  42' ;  c  =  0-788.  (? A  1»  =  112°  33', 
OAr  =  100°  14',    ffAi  =  144°  21'.    Cleavage:    E   rather   imperfect 
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T^ns:  composition-fac©— i;  (9  or  basal  plane,  aa  in  f.  290,  p.  95;  also 
li   and    /.    Also  massive,   strncture 
granular,  sometimes  impalpable. 

H.=2-2-5.  G.=6-7-5-9.  Lustre 
metallic-adamantine.  Color  black, 
sometimes  approaching  cochineal-red. 
Streak  cochineal-red.  Translucent — 
opaque.     Fracture  conchoidal. 
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Oomp.  —  AgtSbS,  (or  8Ag8S+Sb«S,>=Sul- 
phar  17-7,  antimony  225,  silver  59-8=100. 

Pyr.,  etc. — In  the  dosed  tube  fuses  and  giyes 
a  reddish  sablimate  of  antimonons  snlpMde ; 

in  the  open  tnbe  snlphorons  fames  and  a  white  sublimate  of  antimonons  oxide.  B.B.  ob 
charcoal  fuses  with  spirting  to  a  globule,  gives  off  antimonons  sulphide,  coats  the  coal  white, 
and  the  assay  is  converted  into  silver  sulphide,  which,  treated  in  O.F.,  or  with  soda  in  R.F., 
gives  a  globule  of  fine  silver.  In  case  arsenic  is  present  it  may  be  detected  by  fusing  the 
pulverized  mineral  with  soda  on  charcoal  in  B.F. 

Decomposed  by  nitric  acid  with  separation  of  sulphur  and  antimonons  oxide. 

Obs. — Occurs  principally  with  caldte,  native  arsenic  and  galenite,  at  Andreasberg ;  also  in 
Saxony,  Hung^ary,  Norway,  at  Gaudalcanal  in  Spain,  and  in  GomwalL  In  Mexico  abundant. 
In  GhiU ;  in  Nevada,  at  Washoe  in  Daney  Mine ;  abundant  about  Austin,  Reese  river ;  at 
Poor  Man  lode,  Idaho. 


PROU8TITB.    Light  Bed  Silver  Ore.    Lichtee  Bothgaitigerz,  Gmm, 

Khorabohedral.  Ii/\Ii=:  107^  48',  OhR=z  137°  9' ;  c  =  0-78500. 
Also  granular  massive. 

H.=2-2'5.     Q.=5'422-5*66.     Lustre  adamantine.     Color  cochineal-red. 
Streak  cochineal-red,  sometimes  inclined  to  aurora-red.     Subtrausparent- 
snbtransluceut.     F]*acture  conchoidal — uneven. 

Comp.-AgtAsSs  (or  dAgflS+AsaSt)=Sulphur  19*4,  arsenic  16'1,  silver  65*6=100. 

Pyr.,  e^jo. — In  the  closed  tube  fuses  easily,  and  gives  a  faint  sublimate  of  arsenous  sulphide ; 
in  the  open  tube  sulphurous  fumes  and  a  white  crystalline  sublimate  of  arsenous  oxide.  B.B. 
on  charcoal  fuses  and  emits  odors  of  sulphur  and  arsenic ;  by  prolonged  heating  in  O.F.,  oz 
with  soda  in  R.  P. «  gives  a  globule  of  pure  silver.     Some  varieties  contain  antimony. 

Decomposed  by  iiitrie  acid,  with  separation  of  sulphur  and  arsenous  oxide. 

Obs.-;— Occurs  at  Freiberg  and  elsewhere  in  Saxony  ;  at  Joachimsthal  j  Wolfach  in  Baden; 
Chalanohes  in  Dauphin^;  Qnadalcanal  in  Spain ;  in  Alexico:  Peru;  Chili,  at  Ohonarcillo,  in 
magnificent  crystals.  In  Nevada,  in  the  Daney  mine,  and  in  Comstock  lode,  but  rare ;  in 
vems  about  Austin,  Lander  Co. :  in  microscopic  crystals  in  Cabarrus  Co.,  N.  C,  at  the 
McMakin  mine ;  in  Idaho,  at  the  Poor  Man  lode. 


BOTTRNONXTB.    Bfidelerz,  ^tfrm.  (= Wheel  Ora). 

Orthorhombic.  /A  /=  93^40',  O  A  1-i  =  136^  17'  (Miller i ;  c'  2  :  dE  = 
(>95618  :  10662  : 1.  (9  A 1-2  =  133°  26',  0M  =  127^  20',  0M4=  138* 
6'.  Cleava^ :  i-i  imperfect ;  i-i  and  O  less  distinct.  Twins :  twinning- 
plane  face  /  /  crystals  often  cruciform  (f.  453),  crossing  at  angles  of  98° 
40'  and  86^  20' ;  hence,  also,  cog-wheel  shaped.  Also  massive ;  granulari 
compact. 
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II.=2'5-3.  G.=5-7-5-9.  Lustre  metallic.  Color  and  8ti*eak  steol-graj, 
inclining  to  blackish  lead-gray  or  iron-black.  Opaque.  Fracture  qob- 
olioidal  or  uneven.    Brittle. 


453 
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Oomp^  Var.— GnPbSbSt  Bamm.  (or  SBS+BbaSi,  with8BS=2PbS+GnsS)=STilphiir  19^ 
Antimoiij  25  0,  lead  12*4,  oopper  18-0=100. 

Pyr^  etc. — In  the  oloeed  tube  deorepitates,  and  gives  a  dark-red  sablimate.  In  the  open 
tube  gives  sulpharons  oxide,  and  a  white  sublimate  of  antimonous  oxide.  B.B.  on  charcoal 
fuses  easily,  and  at  first  coats  the  ooal  white,  from  antimonous  oxide ;  continued  blowing 
gives  a  yellow  ooating  of  lead  oxide ;  tiie  residue,  treated  with  soda  in  B.F. ,  gives  a  fi^obule 
of  copper. 

Decomposed  by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and 
a  white  powder  containing  antim  my  and  lead. 

Obs. --Occurs  in  the  Huz ;  at  ICapnik  in  Transylvania ;  at  Servos  in  Piedmont :  Braons- 
dorf  and  Gersdorf  in  Saxony,  Olca  in  Corinthia,  etc. ;  in  Cornwall ;  in  Mexico ;  at  Huaaoo- 
Alto  in  Chili ;  at  Machacamarca  in  Bolivia ;  in  Peru. 

Sttlottpztb. — ^An  iron-silver-copper  boumonite ;  Copiapo,  Chili. 


BouLANaBRrra. 


In  plumose  masses,  exhibiting  in  the  fracture  a  crystalline  strnctnre , 
also  granular  and  compact. 

H.=2-5-3.  G.=6.75-6'0.  Lustre  metallic.  Color  bluish  lead-gray; 
often  covered  with  yellow  spots  from  oxidation. 


Oomp.— PbtSbsSe  (or  8PbS+Sb,St)= Sulphur  18*2,  antimony  231,  lead  587=100. 

Pyr. — Same  as  for  sinkenite. 

Obs. — Quite  abundant  at  Molidres,  department  of  Gard,  in  France ;  also  found  at  Nasafjeld 
in  Lapland ;  at  Nertsohinsk :  Ober-Lahr  in  Sayn-Altenkirchen ;  Wolfsberg  in  the  Harz ;  near 
Bottino  in  Tuscany. 

Epiboulanobbitb. — ^Probably  a  decomposition  product  of  boulangerite  (Websky) ;  it  con- 
tains more  sulphur  and  less  antimony.    Altenbeig,  Silesia. 

WiTTiCHENiTB.— Composition  CutBiSt  (or  i)CusS-i-BisSs)=  Sulphur  19  4,  bismuth  42.1, 
oopper  38*5=100.     Color  steel-gray.    Wittichen,  Baden. 

KOBELLITB.— PbsBiSbS.  (or  3PbS+(Bi.Sb),Ss)  Bamm.  =Sulphur  16*8,  antimony  107,  bis- 
muth 18  2,  lead  54*3=100.     Color  lead-gray  to  steel-gray.     Hvena,  Sweden. 

AiKiMiTB  (Nadx^lerz,  (?0rm. ).—CuPbBiSs  (or  CuaS+2PbS+BisSi)=8ulphur  167,  bismuth 
80-2,  lead  86  0,  copper  11*1=100.  In  adcular  crystals,  also  massive.  Color  blackish  leail 
gray.     Beresot  Urals ;  Ckdd  Hill,  North  Carolina. 
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(«)  Qkoi;p  IV.    FormulaR4(Afl,Sb3i),S,=4RS  +  (AB,Bb,Bi)A- 

TBTBAHBDBITS.*  On^  Copper  On.    FaUen ;  Antimon-  and  QneokailbeifnUen,  Germ 

iBOinetric  ;  tetraliedral.  Twins :  twinning-plane  octahedral,  producing, 
when  the  compoeition  ie  repeated,  the  form  in  f.  466.  Also  masBive ;  graiv 
nlar,  coane,  or  fine ;  compact  or  crTpto-crystalline. 


H.=3-4'5.  G.=4-5-S-56.  Liisti-e  metallic.  Color  between  light  flin^ 
^ray  and  iron-black.  Streak  generally  same  ae  the  color ;  Eometinies 
inclined  to  brown  and  cherrj-rea.  Opaque;  sometimes  subtranaliicent  iu 
very  thin  Bplintera,  transmitted  color  cherry-red.  Fracture  subcoiichoidal 
— nil  even.     Rather  brittle. 

Oomp.,  Tar.— 0a>8b,ST  (or4CDi8-|-8bi8i),  with  part  of  the  copper  (Cn,)  often  replaoed  by 
inm  (Ce).  tine  (Za),  bUtct  (Agi),  or  qaio^Ter  (Hg),  and  raiely  cobalt  (Co),  and  part  of  th« 
aatimony  byaisenio,  andruely  bismuth.     Hatio  A^i-l-Cni  :  Zn-l-Fe  ^nei^ly  =3:1.    There 

A.  An  aDtimanial  Beriea;  B.  An  aneDio-antlmonial  seriea;  C.  A  bUmuthio  araetiio-aiiti- 
monial ;  bendes  an  aneniotU,  in  which  anienio  replaoea  all  the  antimoDy,  and  whioh  ia  made 
into  a  distinct  Bpeoiea  named  teunaniite. 

Tai.  1 .   Ordinnry.  ContHjning'  little  oc  no  ailTei.  Color  rteol-giaf  to  dark-giaj. 

3.  Argentifennu ;  Fre^gite.    Lighteteel-gray.aometimesiron-black. 

8.  Mereunferoia ;  SchviaUite.     Color  gray  to  iion-blaok. 

The  following  analjaea  will  terre  aa  examples  of  tbeae  vorietlea : 

8         Sb        As        Ca       Fe        Zn      Ae 
(1)  HOsen         29-46    19-lS    493    8988    3-48    SSO    0-e0Ni:Col-64=98'69B(UDmel«berg. 

(»)  Mtdseberg    24*80    36-66    80-47    3-62    8-3S  10.48  Pb  0-78=100-00 

(8)  Kotterbaoh  23-53    1934    3-94    8684    087    0-G9    Hg  17-27,  Pb  OSl  Bi  081=100 

T.  Bath. 
Pjrr..  «tc. — Differ  in  the  different  Tarietiea.  In  the  dosed  tube  all  fnae  and  giv-)  a  dark- 
nd  rabllmateof  antimonona  eolpbide ;  when  containing  meicnry,  a  tunC  dark-graj  sublimate 
appeora  at  a  low  red  heat ;  and  if  much  araenio.  a  sublimate  of  artenona  sulphide  flraii  forma. 
In  the  open  tube  fuses,  gives  sulphnrons  famea  and  a  white  sublimate  of  antimony  ;  if 
lusenic  ia  present  a  cryatiBlline  volatile  iiubUmate  condenses  willi  the  antinioiiy;  if  the 
ore  contains  mercury  it  coadeDseB  In  the  tube  in  minute  metallio  globnies,  B.  B.  on  charcoal 
hues,  gives  a  oaating'  of  antlmonous  oxide  and  sometimes  aisenoOK  acid,  one  oxide,  and  lead 
oxide ;  the  arsenic  may  be  detected  bj  the  odor  when  the  coating  is  treated  in  R.F. ;  tha 
■ino  oxide  asanmas  a  green  color  when  heated  with  cobalt  solntion.  The  roasted  mineral 
gires  with  the  flnxea  teactiana  for  iron  and  copper ;  with  soda  yieHs  a  globule  of  metallio 
oopitor.  To  determine  the  piesenoe  of  ■  trace  of  arsenic  b;  the  odor,  it  ia  >ieat  to  fuse  tha 
minanl  cti  ohapwal  with  soda.     The  preomee  of  menniry  ia  belt  aMWctained  by  foaiiig  Uw 
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pulverized  ore  in  a  dosed  tabe  with  about  three  times  its  weig^ht  of  dry  soda,  the  metal 
subliming  and  condensing  in  minute  globules.     The  silver  is  determined  bj  oupellution. 

Decomposed  by  nitric  acid,  with  separation  of  sulphur,  and  antimonous  and  arsenous  oxidoa 

Obs. — The  Cornish  mines,  near  St.  Aust.  -at  Andreasbeiig  and  Clausthal  in  the  Hars ; 
Kremnitz  in  Hungary ;  Freiberg  in  Saxony  ;  Przibram  in  Bohemia ;  Kahl  in  Spessart ;  Kap- 
nik  in  Tranpylvanla  ;  DiUenburg  in  Nassau  ;  and  other  localities.  The  ore  containing  mer- 
cury occurs  in  Schm Jlnitz,  Hungary ;  at  Schwatz  in  the  Tyrol ;  and  in  the  valleys  of  Angina 
and  Gostello  in  Tuscany. 

Found  in  Mexico,  at  Durango,  eto.  ;  at  various  mines  in  Chili ;  in  Bolivia ;  at  the  Kellogg 
mines.  Arkansas  ;  at  Newburyport,  Mass.  In  California  in  Mariposa  Co. ;  in  Shasta  Co.  In 
Nevada,  abundant  at  the  Sheba  and  De  Soto  mines,  Humboldt  Co.  ;  near  Austin  in  Lander 
Co. ;  in  Arizoua  at  the  Heintzelman  mine,  containing  1-^  p.  c  of  silver :  at  the  Sana  Rita  mine. 

llTONiTE  {Brauru). — ^A  bismuth  tetrahedrite  from  Cremenz,  Einfiacnthal,  Switzerland. 

MALmowsRiTE. — A  tetrahedrite  containing  9'18  p.  c.  lead,  and  10^18  p.  a  silver.  District 
of  Boouay,  Peru.     (5th  Appeod.  Min.   ChilL) 


TBNNANTITB.*  Gxankupfererz,  Germ. 

Isometric ;  holohedral,  Phillips.  Cleavage :  dodecahedral  imperfect 
Twins  as  in  tetrahedrite.     Massive  forms  unknown. 

H.=3'5-4.  G.=4*37-4*53.  Lustre  metallic.  Color  blackish  lead-graj 
to  iron-black.     Streak  dark  reddish-gray.    Fracture  uneven. 

Oomp. — CukAssSt  (or  4Ca9S+A89Ss),  with  Cua  replaced  in  part  by  Fe,  Ags,  etc.,  as  in  tetra- 
hedrite, with  which  it  agrees  in  crystalline  form. 

Pyr. — In  the  closed  tube  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube  gives 
sulphurous  fumes,  and  a  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  fuses  with  intames- 
oence  and  emission  of  anenio  and  sulphur  fumes  to  a  dark-gray  magnetic  globule.  The 
loasted  mineral  gives  reactions  for  copper  and  iron  with  the  nuzes;  with  soda  on  ohazooal 
gives  metallic  copper  with  iron. 

Obs. — Found  in  the  Cornish  mines.     Also  at  Skutterud  in  Norway,  and  in  Algeria. 

Julian  ITS  (Websky)  is  near  tennantite.    G.=5*12.     Budelstadt,  Silesia. 

MEKEOmNiTB  has  the  composition  Pb«Sb9&7(4PbS+Sb9S«)= Sulphur  17*3,  antimony  16*8, 
lead  63-9=100.    Resembles  boulangerite.    BotUno,  Tuscany  ;  Schwarzenberg,  Saxony. 


(/)  Qboup  V.    Formula  E5(As,Sb)8S8=5ES+(A8,Sb)|S, 


STBPHANITB.    Spiodglaserz,  Oerm, 

Orthorhombic.    7  A  7  =  115^  39',  (9  A  1-i  =  132°  32i' ;  c:i:d  =  l-089'i 

:  1-5844:1.  OaI  =  127°  51',  (9a  1-^  =  145^34.  Cleav- 
age:  2-^  and  i-l  imperfect.  Twins:  twuming- plane  // 
forms  like  those  of  aragonite  frequent.  Also  massive, 
compact,  and  disseminated. 

11. =2-2-6.      G.= 6-269,   Przibram.      Lustre  metallic. 
Color  and  streak  iron-black.    Fracture  uneven. 
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Oomp.— AgftSbS4  (or  5Ag9S+Sb,Si)=Sulphiiz  10-2,  antimony  15*8, 
silTer  68-6=100. 

Pyr.^In  the  dosed  tube  decrepitates,  fuses,  and  after  long  heating 

gires  a  faint  sublimate  of  antimonous  sulphide.     In  the  open  tube  fuses, 

giving  off  antimonial  fumes  and  sulphurous  oxide.     B.B.  on  charcoal 

fuses  with  projection  of  smaU  particles,  ooats  the  coal  with  antimonoai 

oxide,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  and  a  globule  of  metallic 

silver  is  obtained. 

Soluble  in  dUute  heated  nitrio  aoid,  sulphur  and  oxide  of  antimony  being  deposited. 
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Obi*— At  Fieib^ig  and  dbewliere  in  Saxony ;  at  Pxiibnun  in  Bohemia ;  in  Ilnngaty ;  at 
Andieasbezg ;  at  Zacateoas  in  Mexico ;  and  in  Pern.  In  Nevada,  an  abundant  ailyer  ore  in 
the  Comstook  lode ;  at  Ophix  and  Mexican  mines  in  fine  cxyBtals ;  in  the  Reeee  river  and 
Hnmboldt  and  other  regions.     In  Idaho,  at  the  silver  mines. 

Gkocronitb.— Oomposition  Pb»Sbafl*  (or  5PbS+SbsSa)= Sulphur  16*7,  antimony  15*9,  lead 
67*4=100  (also  contains  a  little  arsenic).  Oolor  light  lead-gxay.  Sala,  Sweden;  Merido, 
Suain ;  Yal  di  Oastello,  Tuscany. 


POLTBASITB. 


Orthorhombic,  DesOl.  /A  /  nearly  120*^,  O  A 1  =  121*^  30'.  Crystals 
usually  short  tabular  prisms,  with  tlie  bases  triangularly  striated  parallel 
to  altemate  edges.  Cleavage:  basal  impei*fect  Also  massive  and  dis- 
seminated. 

H.=2-8.  G.= 6*214.  Lustre  metallic.  Color  iron-black;  in  thin  crys- 
tals cherry-red  by  transmitted  light  Streak  iron-black.  Opaque  except 
when  quite  thin.    Fracture  uneven. 

Oomp. — ^AgsSbSe  (or  QAgsS+SbsSa),  if  containing  sUver  without  copper  or  arsenic,  Snlphnr 
14^,  antimony  9*7,  silver  95  6=100.  But  with  Ags  replaced  in  part  by  Oa*  (ratio  Ag  :  On= 
1 :  4  to  1  :  11),  and  Sb  replaced  by  As  (ratio  1  : 1,  etc.). 

Pyr.,  etc. — In  the  open  tnbe  fuses,  gives  sulphurous  and  antimonial  fumes,  the  latter 
i'onning  a  white  sublimate,  sometimes  mixed  witii  crystalline  arsenous  oxide.  B.B.  fuses 
with  spirting  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  coal  with  anti- 
monous  oxide ;  with  long-continued  blowing  some  varieties  give  a  faint  yeUowish-white  coat- 
ing of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for  copper, 
and  cupelled  with  lead  gives  pure  silver. 

Decomposed  by  nitric  acid. 

Obs. — Occurs  in  Mexico ;  at  Tres  Puntos,  GhiU ;  at  Froibeig  and  Pndbram.  In  Nevada, 
at  the  Reese  mines ;  in  Idaho,  at  the  silver  mines  of  the  Owhyhee  district. 

PoLYAROTBiTiL -—Isometric.  Oleavage  cubic.  Malleable.  Gomp.  12AgsS+SbsSt.  Wol- 
Uehj  Baden. 


BNARGITB. 


Orthorhombic.  /A  /  =  97**  58',  (?  A 14  =  136**  37'  (Dauber)  ;i:i:d  = 
0-94510  :  14480  : 1.  O A l-i  =  140°  20',  0M  =  128^  35'.  Cleavage :  / 
perfect ;  i-ij  i-i  distinct ;  O  indistinct.    Also  massive,  granular  or  columnar. 

H.=3.  G.=4-43-4'45  ;  4-362,  Kenngott.  Lustre  metallic.  CJolor  gray- 
ish to  iron-black ;  streak  grayish-black,  powder  having  a  metallic  lustre. 
Brittle.    Fracture  uneven. , 

Oomp. — CuiAs34=l:5ulphnr  82*6,  arsenlo  19 '1,  copper  48*4=100,  usually  oontaining  also  a 
Uttle  antimony,  and  sino,  and  sometimes  sUver. 

F3rr. — In  the  olone'l  tnbe  decrepitates,  and  gives  a  subUmate  of  sulphur ;  at  a  higher  tem- 
perature fuBes,  and  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube,  heated  gently, 
the  powdered  mineral  gives  off  sulphurous  and  axsenous  oxides,  the  latter  condensing  to  a 
sublimate  oontaining  some  antimonous  oxide.  B.B.  on  oharooal  fuses,  and  gives  a  faint  coat- 
ing of  arsenous  oxide,  antimonous  oxide,  and  sino  oxide ;  the  roasted  minenl  with  the  fluxes 
gi?es  a  globule  of  metallic  copper. 

Soluble  in  nitro-hydrochlorio  aoidi 
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Obi. — ^From  Morooooiha,  GordilleraB  of  Pera ;  Famatina  Mts.,  Azgentixie  Bepablio ;  from 
Chili ;  mines  of  Santa  Anna,  N.  Gnuutda ;  at  Coaihnizaohi  in  Mezioo ;  Brewster's  gold  mine, 
Chesterfield  dibtrict,  S.  CazoUna ;  in  Colorado ;  at  Willis's  Goloh,  near  Black  Hawk ;  soathea 
Utah ;  Morning  Star  mine,  Cal. 

Fahatinite  (Stskner), — An  antimonial  enaigite.  MassiTe.  Color  reddish  gray.  Fama- 
tina  Mta,  Argentine  Republic ;  Cerro  de  Pasca,  Pern. 

Luzon  ITE. — Similar  to  enargite  in  composition,  bat  unlike  inform,  acoofding  to  Weisbach. 
Moncajan  Island,  Luzon. 

Clabite  (JSandberger). — Also  similar  to  enargite  in  composition,  but  in  form  monodinio, 
and  having  a  perfect  cleavage  parallel  to  the  olinopinaooid.     Sohapbaoh,  Black  Forest. 

EriOBNiTB.— Composition  S  82-24,  As  12-78,  Ca  40  68,  Fe  14-20=100.  Orthorhoiabia 
Color  steel-gxay.    Neugltiok  mine,  Wittiohen. 


IWfMnHPy"*  Of  OBLOBDni  BWOIIHIi  W>I>ITT». 


m.  COMPOUNDS  OF  CHLORINE,  BROMINE,  IODINE 


1.  ANHTBKOUS  GHXOBIDES,  ETa 


HAXJTB.    OOUUOH  SALT.    KoohMls,  BteliiMl^  Otrm. 

iBoraetric    Usually  in  cubes ;  rarely  in  octahedrons ;  faces  of  crystals 
BOinetiines  cavernoaa,  as  in  f.  458.     Cleavage :  cubic, 
perfect.    Masaiv^  and  granular,  rarely  columnar.  158 

H.^2-5.  G.=:2-l-2-267.  Lustre  vitreous.  Streak 
white.  Color  white,  also  Boinetiines  yellowish,  red- 
(iish,  bluish,  purplish;  often  colorless.  Transpareut 
— ^traiislticeiit.  Fracture  conchoidal.  Bather  brittle. 
Solabte;  taste  purely  saline. 

Oomp.— NsCl=CIiloriiie  00-7.  loditun  89'3=I00.  Oonuaonlj 
mixed  witih  Bomtt  oalcium  Bolphiite,  oaloiiiiii  ohloiide,  and  magne- 
«nin  chlnride.  and  BOmettmeB  magneainm  mlphote,  which  tendei 
It  Uftble  to  deliqueBoe. 

Pyr..  etc. — la  tha  oloaedtabe  loaea,  often  with  deorepitatf on ;  when  faaed  on  the  ptatimuQ 
low  coloia  the  flame  deep  yellow. 

Dlffl— Diatiiigniahed  b;  iU  taste,  eolability,  and  perfect  cabio  oieaTue. 

Oba. — Commoii  (alt  ooonn  in  extensive  but  in^olar  bnda  in  rookg  of  vari 
atsd  with  gTpsnm,  polftwlite,  oaloite,  oUf,  and  sandstone;  also  u 
•alt  irpringt. 

The  principal  mineiof  Europe  aie  at  Wieliozka,  in  Poland;  at  Hall,  in  the  Tjrtol-  Staaa- 
fart,  inProfiaianSaxOD;:  and  along  the  range  thioogh  Eeicbentbal  in  Bavaria,  Hqllain  in 
S^hnrg,  HsUatadt,  ladil,  and  Ebeosee,  in  upper  Aastria,  and  Anssee  in  StTria ;  in  Tnuu;l- 
Vknia  1  Wallachla,  UAlioia.  and  npper  Siieaia ;  Vio  and  Dienze  in  France  ;  Valle;  of  GardnDB 
and  elsewliece  in  Spain,  forming  hills  300  to  400  feet  high ;  Bei  in  Switierliuid  ;  and  North- 
wioh  in  Cheahire,  England.  It  also  occara  Dear  Lake  Oroomiob,  the  Oaspian  Lake, ,  etc.  In 
Ugeria  ;  in  AbTlsiaia  ;  in  India  in  the  provinoe  of  Lahore,  and  in  the  valley  of  (^hmera  ; 
tn  China  and  Asiatic  BossU  :  in  South  America,  in  Pern,  and  at  Zipaqnera  and  Ifemocon. 

In  the  United  Sbat«<a,  salt  bas  been  found  forming  beds  with  gypmrn.  In  Viiginio,  Wash- 
ingtoa  Ga  ;  in  tbe  Salmon  River  Mta  of  Oregon ;  in  Looiaiana.  Brine  spring*  are  very 
nameroos  in  the  Middle  and  Western  States.  These  springs  ore  worked  at  Balina  and  Syra- 
mise,  N.  Y.  ;  in  the  Kanawha  Valley,  Va.  ;  Moskingum,  Ohio ;  Mintiigan^  ^t  Saginaw  and 
dlaewbere  ;  and  in  Eentaoky.  Vast  lakes  of  salt  water  exist  in  many  p«rta  ot  tbe  world. 
Lake  Timponogos  in  the  Boohy  Monntains,  4.200  feet  above  the  level  of  tlie  sea,  now  called 
the  Qreat  Salt  Lake,  in  3,000  sqnare  milea  in  area.  L.  Qale  fonnd  in  this  water  20'16S  per 
oant^  of  sodinm  chloride  in  1853  ;  bnt  the  greater  rainfall  of  the  last  few  years  has  dimin- 
ished the  proportion  of  aaliiie  matter.  The  Dead  and  Caspian  Seas  are  salt,  and  the  waters 
of  the  former  contain  20  to  36  parti  of  solid  matter  in  IDO  par^ 

Hdahtajatitb. — Oompoaitioii  20S'a01+AgCL  Oocuii  in  white  onbM  in  tho  mine  of  Sea 
Bimm,  Ceiro  de  Huantajv<S  Pern, 
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Isometric.    Oleavage  cubic.    Also  compact. 

H.=2.  G.= 1*9-2.  White  or  colorless.  Vitieous.  Soluble;  tasleliko 
that  of  common  salt. 

Oomp. — E01=GhloTme  47*65,  potassium  52*85=100.    Bat  often  oontaining  impnriiidB. 

Pyr.,  etc. — B.  B.  in  the  platinum  loop  fuses,  and  gives  a  violet  color  to  the  outer  flame. 
Added  to  a  salt  of  phosphorus  bead,  which  has  been  previously  saturated  with  copper  oodde, 
colors  the  O.F.  deep  azure-blue.     Water  completely  dissolves  it. 

Obs. — Occurs  at  Vesuvius,  about  the  fumazoles  of  the  volcano.  Also  at  Staasfurt ;  at  Leo- 
poldshall  {leopoldite) ;  at  Kaluas,  Galida. 

OSRARG V  UITJU.    Keraxgyxite.  Horn  Silver.  SilberhomexB,  ^erm. 

Isometric.  Cleavage  none.  Twins :  twinning-plane  octahedml.  Usually 
massive  and  looking  like  wax ;  sometimes  columnar,  or  bent  columnar ; 
often  in  cnists. 

H.=l-1*5.  G.=6'552.  Lustre  resinous,  passing  into  adamantine.  Color 
pearl-gray,  grayish-green,  whitish,  mrely  violet-blue,  colorless  sometimes 
when  perfectly  pure ;  brown  or  violet-brown  on  exposure.  Streak  shin- 
ing. Transparent — feebly  subtranslucent.  Fracture  somewhat  conchoidal. 
Sectile. 

Oomp.~AgGl=Ghlorine  247,  silver  75*8=100. 

Pyr.,  etc. — In  the  dosed  tube  fuses  without  decomposition.  B.B.  on  charcoal  gives  a 
globule  of  metallic  sUver.  Added  to  a  bead  of  salt  of  phosphorus,  previously  saturate  with 
copper  oxide,  and  heated  in  O.F.,  imparts  an  intense  azure-blue  to  the  flame.  A  fragment 
placed  on  a  Btrip  of  idno,  and  moistened  with  a  drop  of  water,  swells  up,  turns  black,  and 
finally  is  entirely  reduced  to  metallic  silver,  which  shows  the  metallic  lustre  on  being  pressed 
with  the  point  of  a  knife.     Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Obs. — Occurs  in  veins  of  clay  slate,  accompanying  other  ores  of  silver,  and  usually  only  in 
the  higher  parts  of  these  veins.  It  has  also  been  observed  with  ochreous  varieties  of  brown 
iron  ore  ;  also  with  several  copper  ores,  with  calcite,  barite,  etc. 

The  largest  masses  are  brought  from  Pern,  Chili,  and  Mexico.  Also  occurs  in  Nicaragua 
near  Ocotal ;  in  Honduras.  It  was  formerly  obtained  in  the  Saxon  mining  districts  of 
Jbhanngeorgenstadt  and  Freibeig,  but  is  now  rare.  Found  in  the  Altai ;  at  Kongsberg  in 
Norway;  in  Alsace;  rarely  in  Cornwall,  and  at  Huelgoet  in  Brittany.  In  Nevada,  about 
Austin,  Lander  Co. ,  abundant ;  at  mines  of  Comstock  lode.  In  Arizona,  in  the  WiUow  Springv 
dist.,  veins  of  El  Dorado  cafion,  and  San  Frandsco  dist.    In  Idaho,  at  the  Poor  Man  lode. 

Named  from  K^fxig,  liomy  and  of  yvpoc,  tUver. 

Calomel  (Quecksilberhomerz,  Oerm.). — Composition  HgCl= Chlorine  15*1,  merouiy  84*9 
'«:100.    Color  white,  grayish,  brown.     Spain. 

Sal  Ammoniac  (Salmiak,  Oerm.), — Ammonium  chloride,  NHiCl^ Ammonium  88*7,  chlo- 
rine 66*3=100.    Vesuvius,  Etna,  and  many  volcanoes. 

Nantokitb  (Breithaupt).— Composition  CuCl=Chlorine  85*9,  copper  64  1  =100.  Cleavage 
cubic.    Color  white.    Nantoko,  ChilL 

Embolitb.— Ag(Cl,Br)  j  the  ratio  of  CI :  Br  varying  from  8  : 1  to  1  :  8.  Color  grayish- 
green.     At  various  mines  m  Chili ;  also  Mexico  ;  Honduras. 

Bkomyritb.  Bromargyrite  (Bromsilber,  ^^rm.).— Silver  bromide,  AgBr=Bromine  42*6^ 
silver  57*4=100.     Color  when  pure  bright  yellow,  slightly  gfreenish.     Chili ;  Mexico. 

loDYRiTB,  lodargyrite  (lodsilber,  Qerm»). — Silver  iodide,  Agl= Iodine  54*0,  silver  46*0=^ 
100.    Color  yellow.     Mexico ;  Chili ;  Spain ;  Cerro  Colorado  mine  in  Arizona. 

Tocornalitb  (Domeyko). — Composition  Agl-fHgL  Amorphous.  Color  pale  yellow. 
Ohaliarcillo,  Chili 

Chlokocalcitb  (Scacchi).~From  Vesuvius,  contained  58*76  p.  a  CaCl« ;  with  also  ECl, 
NaCl,MgCls.  GHLOBALLUiaNiTB,  CHLOSMAemsTTB,  and  Chloiiothionitb  are  also  ficn 
Vesuvius. 
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,  GoTumnTB.— Lead ohloride,  PbGl,=OIiloriiie  2X^6^ lead 74*6=100.    Soft    TVUta   Y< 
•Hna.    PsBUDOGOTUNNiTB  (Scaochi),  YesaTioB. 


MoLTBiTB.— CompoBition  9eOIf=:Ohlorine  65*5,  iioa  84*5=100.    YemTiuL 


2.  HYDROUS    CHLOEIDES. 


OABNALUTB. 

Massive,  granalar ;  flat  planes  developed  by  action  of  water,  bnt  no  dis* 
tinct  traces  of  cleavage ;  lines  of  strisa  sometimes  distinguislied,  which 
indicate  twin- composition. 

Lustre  shining,  greasy.  Color  milk-white,  but  often  reddish  from  mix- 
ture of  oxide  of  iron.  Fracture  conchoidaL  Soluble.  Strongly  phosphor 
escent. 

Ooinp.~KMgO]s.6aq=K01+MgGls  +  6aq=Magne8iam  chloride  84*3»  potaaainm  ohloride 
aeO,  water 38*9=100. 

The  brown  and  red  oolor  of  the  mineral  is  doe  partly  to  iron  sesquioxide,  which  is  in  hex- 
agonid  tables,  and  partly  to  organic  matters  (water-plants,  infusoria,  sponges,  etc.). 

Pyr.,  etc. — B.B.  fuses  easily.  Soluble  in  water,  100  parts  of  water  at  18*75°  G.  taking  up 
64*5  parts. 

Obs. — Occurs  at  Stassfnrt,  where  it  forms  beds  in  the  upper  part  of  the  salt  formation, 
alternating  with  thinner  beds  of  common  salt  and  kieserite,  and  also  mixed  with  the  common 
salt.  Its  beds  0f:)nsiBt  of  subordinate  beds  of  different  colors,  reddish,  bluish,  brown,  deep  red, 
sometimes  colorless.  Sylvite  occurs  in  the  camallite.  Also  found  at  Mlesteregeln ;  mth  salt 
at  Maman  in  Persia.     Its  richness  in  potassium  makes  it  yaluable  for  exploration. 

Tachiiyduitb.— Composition  GaMg«Cle  +  12aq=Ga01s+2Mg01a  +  12aq  (Ramm.)=:  Chlorine 
40*8,  mugnesium  9*5,  calcium  7 '5,  water  427=100.  Color  yellowish.  Deliquesoent.  Staa»> 
furt. 

KBBMBRsrrE.-- Probably  2NH4Cl+2ECl+FeCle+daq.    YesuTiuib 

BRTTHRoaiDKRiTS,  also  from  VesuYius,  is  2KCl+Fe01f+2aq. 


8.  OXYCHLOEIDES. 


ATAOAMITB. 


Orthorhombic.  7  A  /  =r  112*  20',  OM-i^  131*  29' ;  i:$:d^  1-131 
:  1*492  :  1.  Usually  in  modified  i*ectaDgnlar  prisms,  vertically  striated ;  also 
in  i-ectangular  octahedrons.  Twins:  twinning-plane  /;  consisting  of 
three  individuals*  Cleavage :  i'l  perfect,  1-i  imperfect*  Occurs  also  mas* 
aive  lamellar. 

H.=:3-3-5.  G.==:8*761  f Klein),  8-898  (Zepharovich).  Lustre  adamantine- 
vitreous.  Color  various  snades  of  bright  sreen,  ratlier  darker  than  emerald^ 
aometimes  blackish-green.  Streak  apple-green.  Translucent-^sabti*an» 
laoent. 
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Oomp.-~0uGl«+8Hs0n(S=Ghloxine  16*64,  copper  59*45,  Qzygen  11*85,  water  12-66=  lOOL 
Also  other  oomponnds  with  more  water  (18  and  22^  p.  a). 

Pyr.,  eto. — In  the  dosed  tube  giyes  off  mnd^  water,  and  forms  a  gray  sablimate.  B.B.  on 
chuiooBl  fuses,  coloring  the  O.F.  axore-Mue,  with  a  green  edge,  and  giving  two  ooatinga, 
one  brownish  and  the  other  grayish-white  :  continued  blowing  yields  a  globule  of  metallin 
copper ;  the  coatingB  touched  \idth  the  B.F.  volatilize,  coloring  the  flame  azure -blue.  In  adda 
easily  soluble. 

Obs.— Occurs  in  different  parts  of  Cluli ;  in  the  district  of  Tarapaca,  Bolivia ;  at  Tocopilla 
in  Bolivia :  with  malachite  in  South  Australia;  Serro  do  Bembe,  near  Ambziz,  on  the  west 
coast  of  Airica ;  at  the  Estiella  mine  in  southern  Spain ;  at  St.  Just  in  Cornwall. 

TALLDroiTB.-~CompoaitionGuGls+4HsGuOs+4aq.  In  thin  crusts.  Color  blue.  Botal- 
lack  mine,  Cornwall. 

Atblitb. — Composition  CuCl  i +2HsCuOs  +  aq.    Formed  from  tenorite.     Yesuyius. 

Pbbcylitb. — An  ozychloride  of  lead  and  oopper.  Occurs  in  minute  sky-blue  cubea. 
Sonora,  Mexico  ;  So.  Africa. 

Matlockitb.— Compoeitian  1  bGls+PbO=Iiead  chloride  55*5,  lead  oxide  44*5=100.  Orom* 
ford,  near  Matlock,  Derbyshire. 

MENDiPiTB.->Compoeition  PV01t+dPbO=Lead  chloride  88*4,  lead  oxide  61*6=100.  In 
columnar  masses,  often  radiat<d.  Color  white.  Mendip  Hills,  Somersetshire;  Brillon, 
Westphalia. 

SCHWAiiTZBMBBBGiTB.— Composition  Pb(I,Cl)9+2PbO.  Color  yellow.  Desert  of  Ata- 
oama. 

Daubbbitb.— Composition  (BiaOt)4BiCli=BitOa  76*16,  BiQa  28*84=100.  Amorplioaa. 
Structure  earthy,  sometimes  fibrous.  Color  yellowish-gray.  H.=2*5.  G.=6*4-^'5.  Fzon 
the  mine  Conatanda,  Oeixo  de  Tanza,  Bolivia  (Domeyko). 
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IV.  FLUORINE  COMPOUNDS. 


1.  ANHYDROUS  FLUORIDES. 


459 


FLUORim  «r  FLUOB  8PAB.*  Fliuipath,  Oerm. 

Is/ymetric;  forms  nsnally  cubic  (see  f.  89,  40,  41,  52,  55,  etc,  pp.  16 
to  19).  Cleavage :  octahedral,  perfect.  Twins  : 
twiiining-plaue,  1,  f.  266,  p.  91.  Massive. 
Rarely  columnar;  usually  granular,  coarse  or 
fine.  Crystals  often  having  the  surfaces  made 
up  of  small. cubes,  or  cavernous  with  rectangular 
cadtics. 

H.=4.  G.=801-3-25.  Lustre  vitreous; 
bomotimes  splendent ;  usually  glimmering  in  tlie 
massive  varieties.  Color  white,  yellow,  green, 
rose,  and  crimson-red,  violet-blue,  sky-blue,  and 
brown:  wine-yellow,  greenish  and  violet-blue, 
most  common ;  red,  rare.  Streak  white.  Trans- 
parent— subtranslucent  Brittle.  Fracture  of  fine  massive  varieties  fla^ 
conchoidal  and  splintery.  Sometimes  presenting  a  bluish  fiuorescence. 
Phosphoresces  when  heated. 

Comp.,  Var. — Galdnin  fluoxide,  OaFfl=Flaorine  48*7,  oalcinm  51  '3=100.  BenelinB  f«Qjid 
0  '5  of  oUdQin  pho^iate  in  the  flaorite  of  Derbyshire.  The  preeenoe  of  chlorine  was  detected 
early  bj  Soheele.  Kexeten  found  it  in  fluor  from  Marienbexg  and  Freibeiip.  The  blight 
colon,  as  shown  bj  Eenngott,  axe  loet  on  heating  the  mineral ;  they  are  attributed  mainly  to 
different  hydrocarbon  compounds  by  Wyrouboff,  the  ciyBtallication  having  taken  place  firom 
aqueous  scdution. 

Var.  Ordinal ;  (a)  deayable  or  orystaUized,  veryTarlous  in  colors;  {b)  coarse  to  fine 
granular ;  (0)  earthy,  dull,  and  sometimes  very  soft  A  soft  earthy  Tariety  from  Ratofka, 
Russia,  of  a  lavender-blue  color,  is  the  ratofHU,  The  finely-colored  flaorites  have  been 
caUed,  according  to  their  colors,  faUe  ruby,  topaz,  emerald,  amethyst,  etc.  The  colors  of  the 
phosphorescent  Ught  are  various,  and  are  independent  of  the  aotuid  color ;  and  the  kind 
affording  a  green  color  is  {d)  the  ehlorophane. 

VjT.^  etc. — In  the  dosed  tube  decrepitates  and  phosphoresces.  B.B.  in  the  forceps  and 
on  charcoal  fuses^  coloring  the  flame  red,  to  an  enamel  which  reacts  alkaline  to  test  paper. 
With  soda  on  platmum  f oU  or  chazooal  fuses  to  a  clear  bead,  becoming  opaque  on  cooling ; 
with  an  excess  of  soda  on  charcoal  yields  a  residue  of  a  difficultly  fusible  enamel,  while  most 
of  the  soda  sinks  into  the  coal ;  with  gypsum  fuses  to  a  transparent  bead,  becoming  opaque 
OD  cooling.  Fused  in  an  open  tube  with  fused  salt  of  phosphorus  gives  the  reaction  for  fluor* 
faie.    Tru^ed  with  sulphuric  acid  gives  fumes  of  bydroflaorio  acid  which  etoh  glaatt    Phg» 
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pborewienoo  Is  olitalned  frotn  tb«  ooanel?  powdered  epai  below  ated  heat.     At  ■  hJgh  tern- 
peimhiM  it  ceues,  but  ia  partially  Testoied  ij  an  electrio  diacharge. 
DifL — Beoogniied  b;  ito  ooUkhedtAlcleaTage,  its  etching  power  when  heated  in  tike  g\am 

Oba. — SometlmeB  In  beds,  bnt  generally  in  veins,  in  {[neljni,  inics  date,  olay  alate,  and  alao 
In  UraeBtoDBB,  both  (ir;sta]liDe  and  nncrj'Bttillijie,  and  Handct^ea.  Often  occurs  aa  the  gsngno 
of  meUiUio  ores.  In  the  North  of  England,  it  is  the  gacgne  of  the  lead  Teina.  In  Deiby- 
ahire  it  is  abondant,  and  also  in  Cornwall.  Common  in  the  mining  diatriot  of  Saxony ;  fine 
near  Eongsber^  in  Norway.     In  the  dolomiteg  of  St.  Gothard  it  occnra  in  pink  octafaedioni 

gome  American  locolitiea  are :  Trumbull  and  Plymoath,  Coim.  ;  Hoscoloiige  Lake,  JeSer- 
aon  Co..  If. T.,  in  gigantic  onbee  ;  Boeaie,  St.  LawienoeOo. ;  near  the  Fianldin  furnace,  If.  J.  ; 
Oallatin  Co.,  Ul. ;  Thunder  Bay,  Lake  Superior;  Hiaaoail 

SELLAtTE  (Stiiiver). — Matfnesium  fluoride,  ]lgFg.  TetfagonaL  Colorleaa.  Oocniswith 
anhyd  rite  at  Oerbulaz  in  Savoy. 

Ttthockuitk.— CompositioQ  B(BCaP,+3TF,+CeF,)+8aq  (Eamm.).  Color  violet-Una, 
white.     Near  Foblun,  Sweden  ;  Amity,  N.  T.  ;  Parie,  Me.  ;  eta. 

Fluocekitk.— Contains  (Benelius)  eeO.  6394,  TO  112.     Sweden. 

Fl UK LLiTB. ^Contains  (Wollaaton)  Saoiine  and  alnmlniun.     ComwalL 

Cbyptohalitk.— Flnoeilicate  of  ammoninm.  VesDTina.  Alao  obaerred  at  TemiTtea, 
tj/drvfluoriU,  HF,  and  pFoidoniCe,  Si?,  {Soaochi). 


*  ORTOUni.* 

Triclinic  (DcBCIoizeaTix  and  Webskj).     Fonn  approaching  very  closely 
in  appearance  and  angles  to  the  cube  and  cnbo- 
jgn  octalicdron  of  the  isometric  Bjatem.     General  habit 

as  in  f.  460 ;  P{0)  A  T[I)  =  tfO"  2',  P{0)  A  M{J') 
=  90°  24',  Ma  T(Ia  J')  =  91°  57' ;  also  I  (l-i')  A  M 
(/')  =  124°  30',  ;  (1-i')  A  T(I)  =  124°  14'  {alleles by 
Webaky).  Twins  common.  Cleavage  parallel  to 
the  three  planes  P,  M,  T ;  in  crystals  most  com- 
plete parallel  to  T,  in  maeses  parallel  to  P.  Com- 
iQOnly  massive,  cleavable. 

II.=a5.  G.  =  2-9-8077.  Lnetrevitreotis;  slightly 
pearly  on  0.  Color  snow-white  ;  sometimes  reddisD 
or  brownish  to  brick-red  and  even  black.  Snb- 
transparent — translucent.  Immersion  in  water  in- 
creases the  transparency.     Brittle. 

Oomp.— Na.AlFi,  (orSKaF-|-AlFt)=AlnmInnin  18-0,  aodinm  82-8,  fluorine  C4-S=100. 

Pyr.,  eto^-Funble  in  the  flame  of  a  oandle.  B.B.  in  the  open  tnbe  beated  so  that  tha 
flame  enters  tha  tnbe.  givea  off  bydrofluorie  add,  etching  the  glass ;  tbe  water  which  con- 
denaes  at  the  npper  end  of  the  tube  reacts  for  fluorine  with  Braiil-wood  paper.  In  the  for- 
oepe  fuaea  very  ^aily,  coloring  the  flame  yellow.  On  the  ofaarcoel  fuses  easily  to  a  clear  bead, 
which  on  cooling  beoomea  opaque;  after  long'  blowing,  the  aanay  spreadH  out,  the  aodlom 
fluoride  ia  absorbed  by  the  oo^.  a  suffocating  odor  of  fluorine  is  given  ofl,  and  a  crust  of 
•lumlnaremains.  which,  when  heated  with  cobalt  solution  inO.F.,  gires  a  blue  color.  Soluble 
.  ht  m^hnrlc  add,  with  evolution  of  hydrofluoric  acid. 

Din. — Diitliigniahed  by  tta  extreme  fnalbillty,  and  lt«  yielding  hydrofluoric  add  in  the  open 
tuba. 

Ob*,— Occurs  in  a  bqr  in  Arkaut-flord,  in  West  Qreenland,  at  Ev^tok,  where  it  oonstitatea 
ft  laqie  bed  or  vein  in  gneiss.  It  ia  naed  for  making  aoda,  and  soda  and  alnmina  salts :  alac 
in  Fenuaylvania,  for  Uie  manufacture  of  a  white  glaaa  which  ia  a  very  good  imitation  of 
poroeloin. 

CHiOLiTK,— G.=2(M-2-90.  Ka,AlF.  (orSNaF+AlFi).   Chodkbhttte.— G.=8-01.   Na.AJ 
Pit  (oT4NaF-t-AlF,)  Bamm.     The  two  minerals  art  alik«  in  phyaioal  ohaiaoten,  o 
ta  minute  tetragonal  pyramida  ;  both  from  Hiaik. 


YLBOBim  OOUPOUNDfl. 


S.   HYDROUS    FLUORIDES. 

PAOBNOUTB.    Thonuencdlte.* 


MoDOcltnic,  with  the  lateral   axes  equal    {*'  clino-qnadratic "  I^ordeits 
kiald).   c:h:d  =  1-044  : 1 :  1 ;  C  =  92"  30'.   PrisiiiB  slender, 
a  little  tapering:    /  bortzontally  Btriated.     Cleavage:  basal  WOa 

very  perfect.     Also  inaBsive,  opal  or  uhaluedoiiy-Uke. 

n.=2'5-4.  G.=2-929-3008, of  crystals.  Lnstre  vitreoiiB, 
of  a  cleavage-face  a  little  pearh',  of  massive  waxy.  Color 
white,  or  with  a  reddieh  tinge.    Transparent  to  translnceiit. 

Oomp^Na.0ft,AIPii  +  Saq,  or  SSftF  +  BOaF,  +  AlF,  ■)-  Soq  =  Fluorine 
61.38,  aluminnm  li"i9,  caloiam  17'99,  i^diuiii  lO'SS.  water  8'lli:=100. 

Pyr.,  etc.— Fnsos  mora  eaaU;  than  dryalibe  to  a  oleai  glass.  The  mandve 
deorepjtatea  remarkably  in  the  flame  of  a  oandle.  In  powder  eaeiXj  deoom* 
poeed  t^  snlphnria  add. 

Oba. — Found  incnuting  the  0T7oUt«  of  G-reeDland.  and  a  result  of  its 
alteration.    The  orTstals  cHFten  have  an  oobre-oolored  coating,  eqMcialljr  the 
terminal  pottjoa;  tbej  are  eometlmes  qaite  large,  and  have  much  the 
^tpeaianoe  of  or;oUte.     The  mineral  was  flrst  described  b;  Enop.  and  though  his  desoriptiin 
of  the  crjBtals  doea  not  agree  wltb  that  given  above,  there  seems  to  be  no  donbt  tiiat  the 
material  was  the  same,  whi^  has  since  been  iavestigat'  d  bj  Hagemann  (dimetrie  pacAnniifB 
-=lhomaentiiile).  Wohler  ( pjftvoonitt)  and  Koanig,  as  orjffd  by  the  latter. 

Enop  originall]'  described  two  Taiietiea  of  the  mineral,  to  which  he  gave  the  name  pachno- 
lite.  The  Tariety,  A,  appeared  in  large,  onboidal  cryBt«ls,  with  cleavage  planes  farallel  to  the 
faces,  intersecting  at  angles  of  approximately  W .  These  cleavage  planes  seemed  to  be  con- 
tinued on  into  Uie  mass  of  the  cryolite  on  which  the  cryetals  were  implanted.  The  sei-ond 
Tariety,  B.  was  in  small  brilliant  crystals,  of  prismatio  form,  grouped  together  often  in  par- 
allel position  npon  the  cryolite  (hence  the  name,  from  v>ix>^i  fii>tt).  The  identity  of  the  two 
rartetiee  chemically  was  shown  by  the  analyses  of  Enop  and  Wohler.  The  ctTstals  of  nuiet; 
B,  according  to  Knop,  had  /a  /=  81°  24',  etc. 

Enop  has  recently  (Jahrb.  Min.,  1876,  848)  snggeeted  the  poadbUity  that  the  crystals  of 
"cryolite,"  npon  which  Websky  obtained  the  angles  quoted  on  the  preoeding  page,  were  really 
Identical  with  variety  A  of  ptuAnoliU.  The  arystallographio  relation  of  the  two  species  is  not 
yet  clearly  made  out. 

Abrbctitb.  HASBHunnTB.  QBUtKBUnn,  all  from  Greenland ;  and  Prosotitb,  from 
Altenbeiig.— Fluorine  minerala,  related  to  those  which  preoede,  bat  whoaa  exact  nature  is 
not  yet  known. 

BIlbtobitb  {BnuA). — An  hydnms  alDmlnam  fluoride,  omt^nlns  also  a  little  voagnedun 
and  sodium.     Ooonn  la  ninBte  regular  eotohedions  on  tlie  oiyolite  iniw  Qreonlind. 
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V.  OXYGEN  COMPOUNDS. 


L  OXIDES  OF  Mbtalb  of  the  QovDj  Isok,  ob  Tm  Gbouf& 

A.  ANHYDROUS  OXIDES,      (a)  Pbotoxidbs,  RO(or  R,0). 
OUPRZTB.     Bed  Oopper  Ore.    Bothkapferen,  Oerm, 

Isometric  (see  fignres  on  p.  17).     Cleavage:  octahedral.      Sometimes 

cubes  lengthened  into  capillary  forms.    Also 
461  massive,  granular;  sometimes  earthy. 

H.= 3-5-4.  G.=5-85-615.  Lustre  ada- 
mantine or  submetallic  to  earthy.  Color  red, 
of  various  shades,  particularly  cochineal-red ; 
occasionally  crimson-red  by  transmitted  light 
Streak  several  shades  of  brownish-red,  shin 
ing.  Snbtransparent — subtranslncent.  Frao 
ture  conchoidai,  uneven.    Brittle. 


Oomp.,  Var.— GasO^Ozygen  11*2,  oopper  88*8=100 
Sometimes  affords  traces  of  seleninm.     ChalcotriekUi 
IB  a  yarietj  which  occurs  in  oapillaiy  or  acicnlar  crys- 
tallizationsy  which  are  cnbes  elongated  in  the  direction 
of  the  octahedral  axis.      It  also  oocnrs  earthy;    IHU 
Ore  (Ziegelers  Oerm.).    Brick-red  or  reddish-brown 
and  earthy,  often  mixed  with  red  oxide  of  iron ;  some- 
times nearly  black. 
Pjrr.,  etc. — ^Unaltered  in  the  dosed  tabe.    B.B.  in  the  forceps  fuses  and  colors  the  flame 
emerald-green;  if  previonsly  moistened  with  hydrochloric  acid,  the  color  imparted  to  the 
flame  is  momentarily  acnre-blne  from  oopper  chloride.    On  charcoal  first  blackens,  then  foses, 
and  is  reduced  to  metallic  copper.    Witii  the  fluxes  gives  reactions  for  copper  oxide.     Soluble 
In  concentrated  hydrochloric  add. 

Obs. — Occurs  in  Thuringia ;  on  Elba,  in  cubes :  in  Cornwall ;  in  DsTonshire ;  in  isolated 
ciystals,  in  lithomarge,  at  Ohesay,  near  Lyons,  wnich  are  generaUy  coated  with  malachite, 
etc.  At  the  Somei^ille,  and  Flemington  copper  mines,  N.  J. ;  at  Cornwall,  Lebanon  Co., 
Pa. ;  in  the  Lake  Superior  region. 

HTDROCUPRrrB  (GerUh). — A  hydrous  cuprite.  Occurs  in  orange-yellow  coatings  on 
rTirgnetite.    Cornwall,  Lebanon  Co.,  Pa. 

2INOITfi.    Bed  Zinc  On".    Eothcinkers,  Germ, 

Ucxagonal.  <?  A 1  =  118°  7' ;  c  =  1-6208.  In  quartzoids  w.itli  truncated 
summits,  and  prismatic  faces  /.  CSeavage:  basal,  eminent;  prismatic, 
sometimes  distinct.  Usual  in  foliated  grains  or  coai-se  particles  and  masses ; 
also  granular. 

H.=4-4'5.  Q.=6'43-5'7.  Lustre  subadamantine.  Streak  oi-ange-yel- 
low.  Color  deep  red,  also  orange-yellow.  Translucent — subtranslucent. 
Fracture  subconchoidaL    Brittle. 

Oomp. — ZnO=Oxygen  19*74,  rinc  80*26=100;  containing  manganese  as  an  unessential 
ingredient  The  red  color  is  due  probably  to  the  presence  of  manganese  sesquioxide,  oer* 
tainly  not  to  scales  of  hematite. 
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Pyr.,  etc  —Heated  in  the  dosed  tube  blaokens,  bnt  on  oooling  resames  the  original  color. 
B.B.  infosib.e ;  with  the  flaxes,  on  the  platinum  wire,  g^yes  reactions  for  manganese,  and  on 
oharcoal  in  B.F.  gives  a  coating  of  zinc  oxide,  yellow  while  hot,  and  white  on  cooling.  The 
coating,  moistened  with  cobalt  solution  and  treated  in  B.F.,  assumes  a  green  color.  Soluble 
In  adds  without  efferrescenoe. 

Obs. — Occurs  with  f  ranklinite  and  also  with  calcite  at  Stirling  Hill  and  Mine  Hill,  Sussex 
Oou  N.  J. 

CUloozdtcitb.— Impure  zindte  (mixed  with  GaCO*,  eta).     Stirling  Hill,  N.  J. 

TENORITB.*  Mblaoonits.    Sdiwarzkupfererz  (Kupferschwarze),  Qerm, 

Ortliorhombic  (tenorite),  crystals  from  Vesuvius.  Earthy ;  massive  ; 
pulvemlent  (melaconite) ;  also  in  shining  flexible  scales ;  also  rarely  in 
onbes  with  trancatod  angles  (pseudomorphons  {). 

H.=3.  Q.=6*26,  massive  (Whitney).  Lnstre  metallic,  and  color  steel  or 
iron-gray  when  in  thin  scales ;  dull  and  earthy,  with  a  black  or  grayish- 
black  color,  and  ordinarily  soiling  the  fingers  when  massive  or  pulverulent. 

Oomp.— GuO=Oxjgen  20*15,  copper  79  85 =100 

Pjrr.,  etc. — ^B.B.  in  O.F.  infusible ;  other  reactions  as  for  cuprite  (p.  244).  Soluble  in 
hydrochloric  and  nitric  acids. 

Obs. — Found  on  lava  at  Vesuvius  in  minute  scales ;  and  also  pulverulent  (Scacchi,  who 
uses  the  name  melaconise  for  the  mineral). ,  Common  in  the  earthy  form  {mdaoanite)  about 
copper  mines,  as  a  result  of  the  decomposition  of  chalcopyrite  and  other  copper  ores.  Duck- 
town  mines  in  Tennessee,  and  Keweenaw  Point,  L.  Superior.  . 

pBRiCLAsrrB. — ^Essentially  magnesium  oxide,  MgO,  or  more  exactly  (Mg,Fe)0,  when 
Mg :  Fe=20 :  1,  or  80 : 1.    Mt.  Somma. 

BrarasNiTB. — ^NiO.  Found  at  Johanngeoigenstadt.  The  compound  HnO  has  been  found 
recently  in  Wermland,  in  masses  of  a  green  color,  and  with  cubic  cleavage.  See  mangano- 
site,  p.  431. 

Massicot  (Bleiglfttte).— PbO,  bat  generally  impure.  Badenweiler,  Baden.  Mexioa 
Austin's  mines,  Ya. 

flTDiiABaTsrrB.--HgO ;  with  Bobdobitb,  AgCl+HgOl,  at  Los  Bordos,  Chili 
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{b)  Sesquioxidbs.    Gekebal  Formula  {K)^. 

OORUNDXTM.* 

Ehombohedral.  i?  A  72  =  86°  4',  (9  A  1(7?)  =  122°  26' ;  (122°  25',  Kok- 
Bcharof) ;  i  =  1'863.  Cleavage :  basal,  some- 
times perfect,  but  interrupted,  commonly  im- 
perfect in  the  blue  variety ;  rhombohedral,  often 
perfect.  Large  crystals  usually  rough.  Twins: 
composition-face  ]i.  Also  massive  granular  or 
impalpable ;  often  in  layers  from  composition 
parallel  to  B. 

H.=9.  G.=3-909-4-16.  Lustre  vitreous; 
sometimes  pearly  on  the  basal  planes,  and  occa- 
sionally  exhibiting  a  bright  opalescent  star  of 
six  rays  in  the  direction  or  the  axis.  Color  blue, 
lied,  yellow,  brown,  gray,  and  nearly  wl  ite ; 
streak  uncolored.  Transparent — translucent. 
Fracture  conchoidal  —  uneven.  Exceedingly 
tough  when  compact. 

Oomp.,  Var. — ^Pnre  alnmixia  AI0t=0x7gen  46*8,  alominam  68*2=100.     Thore  ava  three 
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■abdivisions  of  the  species  prominently  recognized  in  the  arts,  and  until  eaily  in  this  oenttfzj 
regarded  as  distinct  species ;  but  which  actxiallj  differ  only  in  purity  and  state  of  dystallisa- 
tlon  or  8tniL:ture. 

Yak.  1.  Sapphire  — Includes  the  purer  kinds  of  fine  colors,  transparent  to  tcanslaoeBt, 
useful  as  gems.  Stones  are  named  according  to  their  colors ;  true  Btihy,  or  Ori&TUal  Btibjf^ 
red  ;  0   Topita^  yellow  ;  0.  Emerald,  green  ;  0.  Amethpst,  purple. 

2.  Corundum. — Includes  the  kinds  of  dark  or  dull  colors  and  not  transparent,  ooliors  light 
blue  to  gray,  brown,  and  black.  The  orig^inal  adamantine  spar  from  India  has  a  dark  gray- 
ish smoky-brown  tint,  but  greenish  or  bluish  by  transmitted  light,  when  truisluoent,  and 
either  in  distinct  crystals  often  large,  or  cleavable-massive.  It  is  ground  and  used  as  a  polish- 
ing material,  and  being  purer,  is  superior  in  this  respect  to  emery.  It  was  thus  employed  in 
ancient  times,  both  in  India  and  Europe. 

8.  Emert,  Schmirgel,  Germ. — Includes  granular  corundum,  of  black  or  grayish-black 
color,  and  contains  mag^netite  or  hematite  intimately  mixed.  Feels  and  looks  much  like  a 
black  fine-grained  iron  ore.  which  it  was  long  considered  to  be.  There  are  gradations  from  the 
evMily  fine-grained  emery  to  kinds  in  which  the  corundum  is  in  distinct  crystals.  This  last 
Is  the  case  with  part  of  that  at  Chester,  Massachusetts. 

Pyr.,  etc. — B.B.  unaltered  ;  slowly  dissolycd  in  borax  and  salt  of  phosphorus  to  a  dear 
glass,  which  is  colorless  when  free  from  iron ;  not  acted  upon  by  soda.  The  finely  pulyerised 
mineral,  after  heating  with  cobalt  solution,  gives  a  beautiful  blue  color.  Not  acted 
upon  by  acids,  but  converted  into  a  soluble  compound  by  fusion  with  potassium  bisulphate 
or  soda.  Friction  excites  electricity,  and  in  polished  specimens  the  electrical  attraction  oon- 
tlnues  for  a  considerable  length  of  time. 

DifiEi, — Distinguished  by  its  hardness,  scratching  quarts  and  topaz  ;  its  infusibility  and  its 
high  specific  g^ravity. 

Obs. — This  species  is  associated  with  crystalline  rocks,  as  granular  limestone  or  dolomite, 
gneiss,  granite,  mica  slate,  chlorite  slate.  The  fine  sapphires  are  usually  obtairied  from  the 
beds  of  rivers,  either  in  modified  hexagonal  prisms  or  in  rolled  masses,  accompanied  by  grains 
of  magnetic  iron  ore,  and  several  species  of  gems.  The  emery  of  AJsia  Minor,  according  to 
Dr.  Smith,  occurs  in  granular  limestone. 

Sapphires  occur  in  Ceylon ;  the  East  Indies  ;  China.  Corundum,  at  St.  Gothard ;  in  Pied- 
mont ;  Urals ;  Bohemia.  Emery  is  found  in  large  boulders  on  some  of  the  Grecian  islands ; 
also  in  Asia  Minor,  near  Ephesus,  etc.  In  N.  Americ-a,  in  Mnssachviette^  at  Chester,  corun- 
dum and  emery  in  a  large  vein;  also  in  Westchester  Co.,  N.  Y.  In  New  York,  at  Warwick 
and  Amity.  In  Pennsyhania^  in  Delaware  Co.,  and  Chester  Co.  In  western  N,  Carolina^ 
at  many  localities  in  large  quantities,  and  sometimes  in  crystals  of  immense  size.  In  Georgia^ 
in  Cherokee  Ca  In  CctUfornia^  in  Los  Angeles  Co. ;  in  the  gravel  on  the  Upper  Missouri 
Aiver  in  Montana. 


HBMATITB.    Specular  Iron.    Eisenglanz,  Botheisenerz,  Germ, 

Rhorabohedral.  5a^  =  86°  10',  (9AjB  =  122°  80';  ^  =  1-3691. 
^  A  f  2  =  118°  53',  <?  A  1»  =  103^  32,  ^  A  f  2  =  154°  2'.  Cleavage :  par- 
allel to  jK  and  O;  often  indistinct.     Twins:  twinning-plane  R ;  also  0 
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YesuTiufl. 


Elba. 


Elba. 


(f.  267,  p.  91).  Also  columnar — agranular,  botryoidal,  and  stalactitic  shape*  , 
also  lamellar,  laminse  joined  parallel  to  Oj  and  variously  bent,  thick  mt 
thin ;  also  granular,  friable  or  compact 
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H.=:5'6-6*5.  G.=4'5-6*3;  of  Bome  compact  varieties,  as  low  as  4-2 
Lustre  metallic  and  occasionally  splendent ;  sometimes  earthy.  Color  dark 
steel-gray  or  iron-black ;  in  very  thin  particles  blood-red  by  transmitted 
light;  when  earthy,  red.  Streak  cherry-red  or  reddish-bixjwfl.  Opaqne, 
except  when  in  very  thin  laminae,  which  are  faintly  translucent  and  blood- 
red.  Fi-acture  subconchoidal,  uneven.  Sometimes  attractable  by ,  the 
magnet,  and  occasionally  even  magnetipolar. 

Oomp.,  Var. — ^Ircm  Besquioxide,  FeOt=Oxjgeii  80,  Izon  70=100.  Sometunes  oontaixuuiL 
tifcaniam  and  magneaiam. 

The  varieties  depend  on  texture  or  state  of  aggregation,  and  in  some  cases  the  presence  v ' 
impurities. 

Var.  1.  SpeGuiar,  Lnstre  metallic,  and  ciystals  often  splendent,  whence  the  name  speculaf 
iron,  {h)  When  the  stmoture  is  foliated  or  mioaoeons,  the  ore  is  oaUed  mieaceaiis  hematito 
(Eisenglimmer).  2.  Compact  columnar ;  or  fibrous.  The  masses  of  ten  long  radiating ;  lustre 
sabmetaUic  to  metallic ;  color  brownish-red  to  iron-black.  Sometimes  called  nd  liemaUte, 
the  name  hematite  among  the  older  mineralogists  including  the  fibrous,  stalactitic,  and  other 
solid  massive  varieties  of  this  species,  limonite,  and  turgite.  8.  Med  Oc/ireous.  Bed  and 
earthy.  Often  specimens  of  the  preceding  are  red  ochreous  on  some  parts.  Reddle  and  red 
c/taUc  are  red  ochre,  mixed  with  more  or  less  clay.  4.  Clap  Iron-stone  ;  ArgiUaceoits  liematite. 
Hard,  brownish-black  to  reddish-brown,  heavy  stone ;  often  in  part  deep-red  ;  of  submetallio 
to  unmetallio  lustre ;  and  affording,  like  all  tJ^e  preceding,  a  red  streak.  It  consists  of  iron 
sesquioxide  with  clay  or  sand,  and  sometimes  other  impurities. 

Pyr.,  etc.— B.B.  infusible;  on  charcoal  in  E.F.  becomes  magnetic;  with  borax  in  O.F. 
gives  a  bead,  which  is  yeUow  while  hot  and  colorless  on  cooling ;  if  saturated,  the  bead 
appears  red  while  hot  and  yellow  on  cooling ;  in  B.F.  gives  a  bottle-green  color,  and  if  treated 
on  charcoal  with  metallic  tin,  assumes  a  vitriol-green  color.  With  soda  on  charcoal  in  RF. 
is  reduced  to  a  gpray  magnetic  metallic  powder.     Soluble  in  concentrated  hydrochloric  add. 

Diff. — ^Distinguished  from  magnetite  by  its  red  streak,  also  from  limonite  by  the  same 
means,  as  well  as  by  its  not  containing  water  ;  from  turgite  by  its  greater  hardness  and  by 
Its  not  decrepitating  B.B.     It  is  hard  ;  and  infttnible. 

Obs. — This  ore  occurs  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  te  ciys- 
talline  or  metamorphio  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcanoes,  as 
at  Vesuvius.  Traversella  in  Piedmont ;  the  island  of  Elba,  afford  fine  specimens ;  also  St. 
Oothard,  often  in  the  form  of  rosettes  {Eieenrose  ,  and  Cavradi  in  Tavetsch;  and  near  Limoges, 
France.  At  Etna  and  Vesuvius  it  is  the  result  of  volcanic  action.  Arendal  in  Norway,  Long- 
ban  in  Sweden,  Framont  in  Lorraine,  Dauphuiy,  also  Cleator  Moor  in  Cumberland,  are  other 
localitieB. 

In  iV.  America,  widely  distributed,  and  sometimes  in  beds  of  vast  thickness  in  rooks  of  the 
Archaean  age,  as  in  the  Marquette  region  in  northern  Michigan ;  and  in  Missouri,  at  the  Pilot 
Knob  and  the  Iron  Mtn. ;  in  Arizona  and  New  Mexica  Some  of  the  localities,  interesting 
for  their  specimens,  are  in  northern  New  York,  eto.;  Woodstock  and  Aroostook,  Me.;  at 
Hawley,  Mass. ;  at  Piermont,  N.  H. 

This  ore  affords  a  considerable  portion  of  the  iron  manufactured  in  different  countries.  The 
varieties,  especially  the  specular,  require  a  greater  degree  of  heat  to  melt  than  other  ores, 
but  the  iron  obtained  is  of  good  quality.  Pulverised  red  hematite  is  employed  in  polishing 
metals,  and  also  as  a  coloring  material.  The  fine-grained  massive  variety  from  England 
(bloodstone),  showing  often  beautiful  conchoidal  fracture,  is  much  used  for  burnishing  metals. 
Bed  ochre  is  valuable  in  making  paint. 

MARTrrB  is  iron  sesquioxide  under  an  isometric  form,  occurring  in  octahedrons  or  dodeca- 
hedrons like  magnetite,  and  supposed  to  be  pseudomorphous,  mostly  after  magnetite.  H.  = 
6-7.  G.  =4*809-4*882,  Brazil,  Breith. ;  5*83,  Monroe,  N.  Y.,  Hunt.  Lustre  submetallia 
Color  iron-black,  sometimes  with  a  bronzed  tarnish.  Streak  reddish-brown  or  purplish-brown. 
Fracture  conchoidal.  Not  magnetic,  or  only  feebly  so.  The  crystals  are  sometimes  imbed* 
ded  in  the  massive  sesquioxide.  They  are  distinguished  from  magnetite  by  their  red  streak, 
and  very  feeble,  if  any,  action  on  the  magnetic  needle. 

Fonnd  in  Vermont  at  Chittenden ;  in  the  Marquette  iron  region  south  of  L.  Superior ; 
Bass  lake,  Canada  West ;  Digby  Neck,  Nova  Scotia ;  at  Monroe,  N.  Y. ;  in  Moravia,  neai 
Bohonbeig^  in  granite. 

MBNAOOANITB.*  Ilmbmitb.    Titanic  Iron  Ore.    Titaneisen,  Oe77n, 
Bhombohedral ;  tetartohedral  to  the  hexagonal  type.    E  f\R  ^=i  85°  W 
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56"  (KokBch.)^  i  =  1*38458.    Angles  nearly  as   in  hematite.     Often    a 

cleavage  parallel  with  the  terminal  plane,  bnt 
probably  due  to  planes  of  composition.  Cryfitala 
usually  tabular.  Twins:  twiuning-plane  0\ 
sometimes  producing,  when  repeatea,  a  form 
resembling  f.  468.  Often  in  thin  plates  or 
laminas ;  massive ;  in  loose  grains  as  sand. 

H.=6-6.  G.=4-5-5.  Lustre  submetallic. 
Color  iron- black.  Streak  submetallic,  powder 
black  to  brownish-red.    Opaque.     Fracture  con- 

choidal.   Influences  slightly  the  magnetic  needle. 

Oomp.,  Var.— ^,Fe)«Oi  (or  hematite,  with  part  of  the  iron  replaced  by  titanium),  the  pro 
IMrtion  of  Ti  to  Fe  varying.  Hosander  assumes  the  proportion  of  FeO  :  Tid  to  be  alwayi 
1:1,  and  that  in  addition  variable  amounts  of  FeOa  are  present  in  the  different  varieties. 
The  extensive  investigations  of  Bammelsberg  have  led  him  to  write  the  formula  like  Mosan- 
der  (FeO,TiO«)+nFe09  (notice  here  that  FeO,TiOa=ftOs).  This  method  has  the  advantage 
of  explaining  the  presence  of  the  magnesium,  occurring  sometimes  in  considerable  amount,  it 
replacing  the  iron  (FeO).  The  first  formula  given  requires  the  assumption  of  MgsO*.  Friedel 
and  Guerin  have  recently  discussed  the  same  subject  (Ann.  Ch.  Phys.,  Y.,  viii,  88,  1876). 

Sometimes  contains  manganese.  The  varieties  recognized  arise  mainly  from  the  proportiona 
of  iron  to  titanium.    No  satisfactory  external  distinctions  have  yet  been  made  out. 

The  following  analyses  wiU  iUustrate  the  wide  range  in  composition : 

MgO 
1-14=00*80,  Mosander. 
1*83,  i^lO,  1-4(5=08*50,  Kamm. 

18-71=U0*14,  Bamm. 


TiOa  FeO.  FeO  MnO 

1.  nmenMts.,/<r7Mnft^  46*03  10*74  87*86  2*73 

2.  Snarum                     10*02  77"  17  8*52     

8.  Warwick,  N.  T.         67'71 26*82  0*»0 


Pyr.,  etc. — B.6.  infusible  in  O.F.  although  slightly  rounded  on  the  edees  in  R.  F.  With 
borax  and  salt  of  phosphorus  reacts  for  iron  in  O.F.,  and  with  the  latter  flux  assumes  a  more 
or  less  intense  browmsh-red  color  in  B.F. ;  this  treated  with  tin  on  charcoal  changes  to  a 
violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverized  mineral, 
heated  with  hydrochloric  acid,  is  slowly  dissolved  to  a  yellow  solution,  which,  filtered  from 
the  undecomposed  mineral  and  boiled  with  the  addition  of  tin-foU,  assumes  a  beautiful  blue 
or  violet  color.     Decomposed  by  fusion  with  sodium  or  potassium  bisulphate. 

Diff. — Resembles  hematite,  but  has  a  submetallic,  nearly  block,  streak. 

Obs. — Some  of  the  principal  European  localities  of  this  species  are  :  Krageroe,  Egersiind, 
Arendal,  Norway;  Uddewalla,  Sweden;  Umen  Mts.  (ilmenite) ;  Iserwiese,  Biesengebirge (m^- 
ine) ;  Aschaffenburg ;  ELsenaoh ;  St.  Gristophe  {crichtonite). 

Occurs  in  Warwick,  Amity,  and  Monroe,  Orange  Co.,  N.  Y. ;  also  near  Edenville ;  at  Ches- 
ter and  South  Boyalaton,  Mass.  ;  at  Bay  St.  Paul  in  Canada;  also  with  labradorite  at  Chitean 
Richer.    Grains  are  found  in  the  gold  sands  of  California. 


laoraetricy  Eose  (fr.  Ural).  Habit  cubic,  with  secondary  planes  incom- 
pletely developed ;  in  cuoes,  octaliedrons,  and  cubo-octahedrons,  from 
Arkansas.  Twins:  t winning-plane  octahedral,  Magnet  Cove,  Ark.;  also 
like  f.  276,  p.  93,  Achmatovsk,  Cleavage :  parallel  to  the  cubic  faces 
rather  perfect. 

H.=5'5.  G.=4'02-4'04.  Lustre  metallic — adamantine.  Color  pale 
veilow,  honey-yellow,  orange-yellow,  reddish-brown,  grayish-black  to  iron- 
black.  Strei^  colorless,  grayish.  Transparent  to  opaque.  Double  refract* 
big. 
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Oomp.^(Oa+Ti)0.={lO.=:Titaiiio  oxide  69*4,  lime  40-6=100. 

Pyr.,  etc. — In  the  foioeps  and  on  ohaxooal  infosible.  With  salt  of  phoephonu  in  O.F.  dis 
aolypB  easily,  giving  a  bead  greeniiih  while  hot,  whioh  beoomee  oolorleae  on  oooling;  in  R.F. 
the  bead  changes  to  graTish-gieen,  and  on  cooling  aasnmes  a  violet-blue  odoz;  Bntixely  de> 
ocuaposed  by  boiling  snlphmio  acid. 

Obs.— Occurs  at  Achznatoysk,  in  the  Ural ;  in  the  valley  of  Zermatt  ;  at  Wildkrenzjoch 
in  the  Tyrol.    Also  at  Magnet  Cove,  Arkansas. 

DesGloiseaux  has  found  that  the  yellow  ciystals  from  Zermatt  have  a  complex  twinned 
structure,  and  are  optically  biaxiaL  Koksoharof,  in  his  latest  investigations,  has  shown  that 
the  Russian  specimens  also  exhibit  phenomena  in  polarized  light  analogous  to  those  of  biaxial 
crystals,  though  irregular.  He  proves,  however,  that  crystailographically  the  crystiUs  ex- 
amined by  him  were  unquestionably  isometric,  and  adds  also  that  almost  all  the  Russian 
perof^to  orjstals  are  penetraUon -twins.  The  latter  fact  explains  the  commonly  observed 
striations  on  the  cubic  planes,  as  also  the  incompleteness  iu  the  development  of  the  other 
forms.  He  refers  the  optical  irregularities  to  the  want  of  homogeneity  in  the  crystals.  Des- 
Gloiseaux  speaks  of  indosed  lamfllliB  of  a  donbly-refraoting  subi^iaace  analogous  to  the  para- 
site in  boraoite  crystals  (p.  176). 

Htdbotitanitb. — A  decomposition-product  of  perofskite  ciystals  from  Magnet  Gove, 
Arkansas.    Form  retained  but  color  ohwoged  to  yellowiah-gxay  (Koonig). 


{e)  OoMPOUVDs  OF  Pbotoxidbs  and  Sesquioxidbs,*  RfK)4(or  RO+ROJ. 

Spind  Orotip.    Isometric  {Octahedral). 


Isometric.    Habit  octahedral.    Faces  of  octahedron  sometimes  oouyex« 
Cleavage :  octahedral.     Twins :  twinning-plane  1. 

H.=8.     G.=8"5-4'l.    Lustre  vitreous ;  splendent —  ^.^^ 

nearly  dull.  Color  red  of  various  shades,  passing  into 
blue,  green,  yellow,  brown,  and  black;  occasionally 
almost  white.  Streak  white.  Transparent — ^nearly 
opaque.     Fracture  conchoidal. 


Oomp.,  Var. — The  spinels  proper  have  the  formula  MgA104(=llkIgO 
+MOa),  or  in  other  words  contain  chiefly  magnesium  and  aluminum, 
with  the  former  replaced  in  part  by  iron  (Ve),  calcium  (Ca),  and  man- 
ganese (Mn) ;  and  the  latter  by  iron  (Fe).  There  is  hence  a  grada- 
tion into  kinds  containing  little  or  no  magnesium,  which  stand  as 
distinct  species,  viz.,  HtfcytUU  and  QdfmU&,  MgA104= Alumina 
72,  magnesia  28=100. 

Yar.  1.  Rufyy^  or  Magneaia  Spind. — Clear  red  or  reddish;  transparent  to  translucent: 
sometimes  subtranalucent.  G.  =3 '52-8 '58.  Composition  M^pMO^,  with  little  or  no  Fe,  ana 
sometimes  chromium  as  a  source  of  the  red  color.  2.  Cdj/lonite,  or  Iron-Magnesia  Spind, 
Color  dark-green,  brown  to  black,  mostly  opaque  or  nearly  so.  G.  =8*5-8*6.  Composition 
M^^l04-hFe.^l04.  Sometimes  the  Al  is  replaced  in  part  by  Fe.  8.  PieoiiU.  Contains  over 
7  p.  o.  of  chromium  oxide.  Color  black.  Lustre  brilliants  Qt.  =4*08.  The  original  was 
from  a  rock  occurring  about  L.  Lhen,  caUed  Lherzolits, 

Pjr^  etc. — B.B.  alone  infusible;  the  red  variety  turns  brown,  and  even  black  and 
opaque,  as  the  temperature  increases,  and  on  cooling  becomes  first  green,  and  then  neurly 
•olorless,  and  at  last  resumes  the  red  color.  Slowly  soluble  in  borax,  more  readily  in  salt  of 
phosphorus,  with  whioh  it  gives  a  reddish  bead  while  hot,  becoming  faint  chrome-green  on 

*  The  compounds  here  considered  are  soiiMtimes  ragarded  as  salts  ol  the  adds.  HsBO^ 
that  %  as  ahuninateSf  f&rrates,  eta 


272 


DBSOBIPnyB  HnOESALOOT. 


oooUng.    The  blaok  Tarieties  giye  reaotioins  for  iron  with  the  fluxes.     Salable  with  diAonlt^ 
in  oonoentrated  Bolphnrio  acid.     Decomposed  hy  fmion  with  sodiam  or  potassiimi  busolphate. 

DifiL — Distinfpiished  by  its  octahedral  form,  hardness,  and  inf usibilitj ;  magnetite  ii 
attracted  by  the  magnet,  and  zircon  has  a  higher  specific  gravity. 

Obs. — Spinel  occurs  imbedded  in  granular  limestone,  and  witii  caldte  in  serpentine,  gneissi 
and  allied  rocks.  It  also  occupies  the  cavities  of  masses  ejected  from  some  volcanoes,  e.g,, 
Mt.  Somma. 

Fine  spinels  are  found  in  Ceylon;    in  Siam,  as  rolled  pebbles  in  the  channels  of  rivers 
Occur  at  Aker  in  Sweden ;  also  at  Monzoni  in  the  Fassathal. 

From  Amity,  N,  Y.,  to  Andover,  N.  J.,  a  distance  of  about  80  miles,  is  a  region  of  granulai 
limestone  and  serpentine,  in  which  localities  of  spinel  abound ;  numerous  about  Warwick, 
and  at  Monroe  and  Cornwall.  FraDkhn,  Stezling,  Sparta,  Hamburgh,  and  Vernon,  N.  J., 
are  other  localities.     At  Antwerp,  Jefferson  Co.,  N.  Y. ;  at  Bolton  and  elsewhere  in  Biass. 

Hebctnttb.— FeAlO*  (or  FeO+a^O$).     Odor  black.    Massive.    Bohemia. 

JACOB8ITB  (Damour). — ^Bfi04,  or  (Mn,Mg)  (Fe,Mn)04.  Color  deep  blaok.  Ooonzs  in  dis- 
torted octahedrons  (magnetio)  in  a  orystalliae  limestone  at  Jaoobebeig,  Sweden. 


OAHNITB.    Zino  Spinel. 

Isometric.    In  octahedrons,  dodecahedrons,  etc.,  like  spinel. 

H.=7'5-8.  G.=4-4-6,  Lustre  vitreous,  or  somewhat  greasy.  Color 
dark  green,  grayish-green,  deep  leek-green,  CTeenish-black,  bluish-black, 
yellowish-  or  grayish-brown ;  streak  grayish.    Subtranslucent  to  opaque. 

Oomp.,  Var. — ZnM04= Alumina  61  -8,  oxide  of  sine  88*7=100 ;  with  Uttle  or  no  magnesium. 
The  zinc  sometimes  replaced  in  small  part  by  manganese  or  iron  (Mn,Fe),  and  the  aluminum 
in  part  by  iron  (Fe). 

Yar.  1.  AutamoUte,  or  Zine  OdhniU;  with  sometimes  a  little  iron.  Q.=4'l-4*0.  Colors  as 
above  given.  2.  DyAuiUy  or  Zinc-ManganMe-Iron  OahniU,  Composition  (Zn.Fe,Mn) 
(Al,Fe)04.  Color  yellowish-brown  or  grayish-brown.  G.  =4-4  6.  Form  the  octahedron,  or 
the  same  with  truncated  edges.  8.  KreittoniU^  or  Zinc- Iron  OdhniU.  Composition  (Zn, 
Fe,Mg)(3ti,Fe)04.  Occurs  in  czystals,  and  granular  massive.  H.=7-8.  G.  =4 '48-^ '89. 
Color  velvet  to  greenish-black ;  powder  grayish-g^een.     Opaque. 

Pyr.,  etc. — Gives  a  coating  of  zinc  oxide  when  treated  with  a  mixture  of  borax  and  soda 
on  charooal.     Otherwise  like  spinel. 

Obs. — AutamoUU  is  found  at  Fahlun,  Sweden ;  Franklin,  N.  Jersey ;  Canton  mine,  Ga. ; 
J^duiU  at  Sterling,  N.  J. ;  KreiUonUe  at  Bodenmais  in  Bavaria. 


MAGNBTZTB.    Magnetio  Iron  Ore.    Magneteisenstein,  Magneteisenerz,  Oerm, 

Isometric.    The  octahedron  and  dodecahedron  the  most  common  forms. 
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Abhmatovsk.  Haddam. 

Fig.  175  is  a  distorted  dodecahedron.    Cleavage :  octahedral,  perfect  to 
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Imperfect.  Dodecahedml  faces  commonly  striated  parallel  to  the  longer 
diagonal.  Twins :  twiw-  ng-plane,  1 ;  also  in  dendrites,  branching  at  auglea 
of  60°  (f.  277,  p.  ^3;.  M^ive,  structure  granular — particles  of  various 
sizes,  sometimes  impalpable. 

H.=5*5-6-5.    G.=l*9-5*2.    Lustre  metallic — submetallic.     Color  irou 
black;    streak  black.    Opaque;    but  in  mica  sometimes  transparent  or 
nearly  so;  and  varying  from  almost  colorless  to  pale  smoky-brown  and 
black.     Fracture  subconchoidal,  shining.     Brittle.      Strongly  magnetic, 
sometimes  possessing  polarity. 

Cpmp.,  Var*— PeFeOi  (or  Pet04)=Fe04-FeOt=Oxygen  27*6,  iron72*4=100 ;  or  iron  ses- 
qtdoxide  68*97,  iron  protoxide  31  03=100.  The  iron  sometimes  replaced  in  smaUpart  by 
magnesinm.    Also  sometimes  titaniferons. 

From  the  normal  proportion  of  Fe  to  Fe,  1  :  1,  there  is  oocasionaUj  a  wide  variation,  and 
thus  a  gradual  pasiage  to  the  sesquiozide  FeOs ;  and  this  fact  may  be  regarded  as  eyidunoi! 
that  the  octahedral  FeOa,  martite,  is  only  an  altered  magnetite. 

Pyr.,  etc. — B.  B.  very  difficultly  fasible.  In  O.F.  loses  its  inflaenoe  on  the  magnet.  With 
the  fluxes  reactd  like  hematite.     Soluble  in  hydrochloric  add. 

J}iS, — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  as  well  as  by  its  high  specific  gravity.  Also,  when  massive, 
by  ite  black  streak  from  hematite  and  limonite. 

Obs. — Magnetite  is  mostly  confined  to  cEystaUine  rocks,  and  is  most  abundant  in  metamoi- 
phic  rocks,  though  found  also  in  grains  in  eruptive  rocks.  In  the  Arohasan  rocks  the  beds  are 
of  immense  extent,  and  occur  under  the  same  conditions  sA  those  of  hematite.  It  is  an  ingre- 
dient in  most  of  the  massive  variety  of  corundum  called  emeiy.  The  earthy  magnetite  is 
found  in  bogs  like  bog-iron  ore. 

Extensive  deposits  occur  at  Arendal,  Norway ;  Dannemora  and  the  Tabezg  in  Smaoland ; 
in  Lapland.     Fahlun  in  Sweden,  and  Condca,  afford  octahedral  crystals. 

In  N.  America,  it  constitutes  vast  beds  in  the  Archssan,  in  the  Adirondack  region,  in 
Northern  N.  York ;  also  in  Canada ;  at  Cornwall  in  Pennsylvania,  and  at  Magnet  Cove, 
Arkansas.  Also  found  in  Pubnam  Co.  (Tilly  Foster  Mine),  N.  Y.,  etc.  In  C<mn,,  at  Haddam. 
In  Penn.,  at  Chester  Co.  ;  in  mica  at  Pennsbury.  In  CaUfamia^  in  Sierra  Co. ;  in  Plumas 
Co.,  and  elsewhere.     In  li,  SooUa,  Digby  Co.,  Niohol's  Mt. 

Maonssiofsbritb  {magnoferriU). — ^MjgPeO*.  In  ootahedzons;  resembling  magnetito. 
Vesuvius. 

TBAtfKUXnTB. 

Isometric.  Habit  octahedral.  Cleavage:  ootahedral,  indistinct.  Also 
massive,  coarse  or  fine  granular  to  compact. 

H.=:5-5-6-5.  G.=6-069.  Lustre  metallic.  Color  iron-black.  StreaK 
dark  reddish-brown.  Opaque.  Fracture  conchoidaL  Brittle.  Acts  slightl;^ 
on  the  magnet 

Oomp. — (Fe,Zn,Mh)  (Fe,Mn)04,  or  corresponding  to  the  general  formula  of  the  spmot 
group,  though  vaiying  much  in  relative  amounts  of  iron,  ziuc,  and  manganese.  Analysis, 
SterUng  Hill,  N.  J.,  }  FeO.  «7-43,  AlO.  065,  FeO  15  65,  ZnO  6-78,  MnO  9-53=10012,  Seyms 
Q.  ratio  for  B  :  fi=l :  1  nearly.  In  a  ciystal  from  Mine  HiU,  N.  J.,  Seyms  found  4*44  p.  o. 
Mn0». 

The  evolution  of  chlorine  in  the  treatment  of  the  mineral  is  attributed  by  v.  Kobell  to  the 
presence  of  a  little  MnO*  (0.80  p.  o. )  as  mixture,  which  Bammelsberg  observes  may  have 
oome  from  the  oxidation  of  some  of  the  protoxide  of  manganese. 

Pyr.,  etc. — B.B.  infusible.  With  borax  in  O.F.  gives  a  reddish  amethystine  bead  (man- 
ganese), and  in  B.F.  this  becomes  bottle-green  (iron).  With  soda  gives  a  bluish -green  man- 
ganate,  and  on  charcoal  a  faint  coating  of  zinc  oxide,  which  is  much  more  marked  when  a 
mixture  of  borax  and  soda  is  used.  Soluble  in  hydrochloric  acid,  with  evolution  of  a  small 
Amount  of  chlorine. 

Di£F.— Resembles  magnetite,  but  is  only  slightly  attracted  by  the  magnet;  it  a}so  leaoto 
for  sine  on  charcoal  B.B. 

18 
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Oba^-Oonin  tnaablaaiTstaliaABrBtbaohlDKMMii;  In  MaoTphona  maoea  at  Altanbeif , 
oenr  Aii  U  Gbapelle.  Abnodant  at  Hambaig,  N.  J.,  neat  tho  Fianklin  fnnutoe;  aim  at 
Stiiilug  HiU,  In  ^  ume  legion. 

OHROMTTE.*  ObTomio  Iron.    OhromelMnitein,  Otrm. 

IsoinDtric  In  octahedrons.  Commonly  massive ;  stmctare  fino  granu- 
lar or  compact. 

H.=5-5.  G. =4' 321-4-568.  Lnstre  Bnbmetallic.  Streak  brown.  Color 
between  imn-black  and  brownisli-blRck.  Opaque.  Fracture  aneven. 
Brittle.     Sometimes  magnetic 

Oomp^FeerO.,  or  (Fe.Mg.Or)  {A],Fe,er)0..  FeetO,  =  Iron  protoxide  83.  obromiiuineB- 
quioxide  Q3=;1U0.     Uagnesia  is  geoerallj  present,  and  in  amaunta  Taiying  from  0-24  p.  o. 

Pyr^  eto. — B.B.  inO.F.  infoidbla;  in  B.F.  slightly  rounded  on  the  edgsi,  and  beoomes 
magaetio.  With  borax  utd  «alt  of  phoephonu  glTes  beads,  which,  while  hot,  show  otJ;  a 
reaction  foi  iron,  but  on  oooUng  become  chrome-green ;  the  green  oolor  is  heightened  by 
haion  on  charcoal  with  metallic  tin.  Not  acted  upon  b;  acidi,  bnt  deoompoaed  t^  tusicn 
with  potBBHinm  or  todinnt  bisulphate. 

DiS. — Distiagniabed  from  magnetite  by  the  reaction  for  ohromio  add  with  the  blowpipe. 

Obs. — Oocure  in  serpentine,  forming  veins,  ot  in  imbedded  maasea.  It  aasista  in  giving  the 
voriegatod  color  to  verde-antiqno  marble.     Also  oocnra  in  meteorites. 

Occurs  in  Syria ;  Shetland  ;  in  Horway ;  in  the  Department  dti  Vair  in  France  ;  in  Sileaia 
and  Bohemia;  in  the  UraU;  iu  New  Caledonia.  At  Baltimore,  Md.,  in  the  Bore  Hills;  at 
Cooptown.  In  Pennsylvania,  in  Chester  Co.  ;  at  Wood's  Mine,  near  Texas,  Lancaster  Co. , 
eto.     Chester,  Hasc.     In  California,  in  Uonterej  Co.,  eta 

This  ore  affords  the  ohromiuia  ozlde,  used  in  pajntiiig,  eto.  The  ore  employed  in  England 
is  obtained  moetly  from  Baltimore,  Drontheim  in  Norway,  and  tjie  Shetlaiid  Isles. 

CmtOMFiCOTlTB  (Petersan).— A  magueaian  chromite.     Oolor  black.     New  Zealand. 


OBRTSOBBRTIh 

Orthorhorabic    /a7=  129»38',  OAl-i=  129°  1';  ^  ;  X  :  d  =  1-2285  : 
2-1267 ;  1.    i-*  A 1  =  136°  62',  i4  A 
*™  4"  2-S  =  128°  52'.  U  A  1-J  =  120°  T. 

Plane  i-l  vertically  etriated ;  and 
flometimea  also  t-l,  and  other  verti- 
cal planes.  Cleavage :  1-i  quite 
distinct ;  i-i  imperfect ;  i-i  more 
so.  Twins:  twinning-plane  3-i,  aa 
in  f.  477  (see  p.  97),  made  up  o£  6 
parts  by  the  croesinj^  of  3  crvatals. 
H.=8-5.  G.=3-5-3-84.  Lustre 
vitreons.  Color  aeparagns-green, 
graas^green,  emerala-greeti,  greer^ 
ish-wliite,  and  yefiowish-green, 
■oinntimes  raspberry  or  columbine-red  by  transmitted  light.  Streak  uncol- 
ored.  Tmnaparent— translucent.  Sometimes  a  bluish  opalescence  int«^ 
nalty.     Fracture  conchoidal,  uneven 


Korwar,  Me. 


Alexandrite. 
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Var.  1.  Ordinary. — Oolor  pale  green,  being  colored  by  iron.  G.=r:8.697,  Haddam ;  8*734 
BrazU;  8*689,  Ural,  Rose;  8 '885,  Orenburg,  Kokscharof.  2.  AleaxmdriU. — Color  emerald- 
green,  but  columbine-red  by  transmitted  light.  G.  =8*644,  mean  of  xesulta,  Kokscharof. 
Supposed  to  be  colored  hy  chrome.  Cxystala  often  very  large,  and  in  twina,  like  f .  477, 
either  six-sided  or  six-rayed. 

Comp. — 662^104 = Alumina  80  '2,  glucina  19  "8= 100.  Iron  Is  also  often  present,  though  not 
in  the  toinsparent  varieties.    Isomorphous  with  chrysolite. 

Pyr.,  etc. — B.B.  slone  unaltered;  with  soda,  the  surface  is  merely  rendered  dull.  With 
borax  or  salt  of  phosphorus  fuses  with  great  difSculty.  With  cobalt  solution,  the  powdered 
mineral  gives  a  bluish  color.     Not  acted  upon  by  addsL 

Difil— Distinguished  by  its  extreme  hardness,  greater  than  that  of  topas  :  and  its  infusi- 
bility ;  also  characterised  by  its  tabular  crystallisation,  in  contrast  with  beryl 

Obs.^ — In  Brazil  and  also  Ceylon ;  at  Marohendorf  in  Moravia ;  in  the  Und;  in  the  Moomt 
Mtn.,  Ireland;  at  Haddam,  Ct.  ;  at  Norway,  Me. 

When  transparent,  and  of  sufficient  sise,  ohrysoberyl  ia  out  with  facets,  and  forms  a  beanti- 
fol  yellovrish-green  gem.    If  opalescent,  it  is  usually  oat  m  caboekaiL 


(d)  Deutoxides,  ROji 


JRutHe  Cfronp.     TetragondU 

OA88ITEBITB.    Tin  Stone.    Zinnstein,  Zinnen,  Oerm. 


Tetragonal.     O  A  1-f  =  1 
7a1=:133^34';  1-iAl-i, 


146°  6' ;  ^  =  0-6724.  1  A 1,  pyr.,  =  121^  40' ; 
pjrr.,  =  133°  31'.  Cleavage :  /  and  i-i  hardly 
distinct  Twins:  f.  478,  twmniug-plane  1-i;  producing  often  complex 
forms  through  the  many  modifying  planes ;  sometimes  repeated  parallel  to 
all  the  eight  planes  1-i;  also  f.  480,  a  metagenic  twin.  Often  in  reniform 
shapes,  structure  fibrous  divergent ;  also  massive,  granular  or  impalpable. 


478 


479 


480 


H.=6-7.  G.=6-4-7'l.  Lustre  adamantine,  and  crystals  usually  splen- 
dent Color  brown  or  black ;  sometimes  red,  gray,  white,  or  yellow. 
Streak  white,  grayish,  brownish.  Nearly  transparent — opaque.  Fracture 
Bubconchoidal,  uneven.     Brittle. 

Var. — ^1.  Ordinary,  Tinstone.  In  oiystals  and  massive.  G.  of  ordinary  cryst.  01)6 ;  of 
colorless,  from  Tipuani  R.,  Bolivia,  6*832,  Forbes.  2.  Wood  Tin  (Holz-Zinn,  Qertn.).  la 
botrroidai  and  reniform  shapes,  concentric  in  structure,  and  radiated  fibrous  internally 
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■Ithongli  TBiy  oompaot,  frith  the  color  bTawniah,  of  mixed  Bhadea,  looldn;  Mmowhat  like  dij 
wood  in  its  oolors.  G.  of  one  Toiiet;  6514.  ^«ant  tin  is  nothing  but  the  ore  in  the  abate 
of  sand,  aa  it  oooorg  along  the  beda  of  atreama  or  In  Uie  gravel  of  the  adjoining  region. 
It  haa  been  derived  from  tin  veins  or  rooks,  through  the  wear  and  decompoaition  of  the  rooks 
and  transportation  b7  water. 

Oomp 8nOi  =  Tin78-6,  oiTgen  31 -4=100. 

PyTr,  etc B.B.  alone  nnaltered.     On  oharcoal  with  aoda  rednced  to  metolllo  tin,  and 

giTea  a  white  coating.  With  the  flaxes  BOmetimea  gives  reactions  for  iron  and  manganeae. 
■nd  more  rarelj  for  tantalio  oxide.     Only  al^htl;  acted  upon  b;  acids. 

Difi. — Distingnished  hj  its  high  specific  giavity,  its  iofnaibilitj,  and  by  its  yielding  metsllio 
tin  B.B.  ^m  some  varietieB  of  gamet.  sphalerite,  and  black  tonrmaline,  to  which  it  hu 
Mme  reaemblanoe.     Specific  gravitj  (6'G)  higher  than  that  of  mtile  (4). 

Obi. — Tin  ore  la  met  with  in  veins  traversing  granite,  ^eiss,  mica  sohist,  chlorite  or  clay 
•chist,  and  porphjr;.  Occurs  in  Cornwall '  in  Devonahiie ;  in  Bohemia  and  Saxon;  ;  at 
Limoges ;  also  in  Qalida ;  Greenland ;  Sweden,  at  Finbo  ;  Finland,  at  Pitkaranta.  In  tbe 
El  Indiea  -  in  Tiotoria  and  Kew  Bonth  Walea ;  in  Utge  quantities  in  Qneensland.  In  Bolivia, 
B.  A. ;  in  Mexico. 

In  the  United  States,  rare  :  in  Maitu,  atForia;  IniT.  Samp.,  aALjma;  in  Oaiyomui,ia 
Bam  Bernardino  Oo. ;  in  IdaAo,  near  Boonvilla. 


Tetragonal.     Oa1-»  =  147°  124',  c  =  0-6442.     lAl,  pyr.,  =  123°  7i', 
/a  1  =  132°  20'.     Cleavage :  /  and  i-i,  distinct ;  1,  in  traces.    Vertical 

r lanes  iiBually  striated.  Cry Btats  often  acicnlar.  Twins:  (1)  tuinning-plane 
■i  (see  p.  94),  (2)  3-t,  malcing  a  wedge-sliaped  crystal  coilsistiijg  oi  two 
individaals.  (3)  l-»  and  S-i  in  the  same  crystal  (fr.  Magnet  Cove,  Hesseu- 
berg).     Occasionally  compact,  maeaive. 


6raTeaMta.,Oa. 

H.=6-6-6.  G.=418-4-25.  Lustre  metallic- adamantine.  Cf.lor  Jc^l- 
dish-browiL,  passing  into  red  ;  Bomotiinee  Yellowish,  bluish,  Molet,  black  ; 
rarely  grass-green.  Streak  pale  bro^vn.  Subtranaparent — opaque.  I'rao- 
tore  suDconchoidal,  nneveu.     Brittle. 

Oomp.,  Tar.— Titanic  oxide,  TiOi  =  Ox;gem89,  titanlDia01=100.     Bometiidea  a  lit  cle  iron 

lipreaent. 

Pyr.,  eto^B.B.  infusible.  With  aalt  of  phosphoraa  gives  a  colorless  bend,  which  in  B  F 
•aaumes  a  violet  color  on  cooling.  Moat  varieties  oontaJa  iron,  iind  give  a  brownish 'jellon 
or  red  bead  in  R.F.,  the  violet  only  appearing  after  treatment  of  the  bead  with  metallic  tin 
on  choroooL  Insolnble  inacida;  made  aolnble  by  fiuion  with  an  alkali  or  alkaline  carbonate. 
The  solntion  containing  an  exceaa  of  acid,  with  tbe  additaou  of  tin-foil,  givM  a  beaotifnl 
noiet-oolor  when  oonoentrated. 
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DifL  Oharaoterized  by  its  peooliar  sab-adamantine  lustre,  and  brownish-zed  color.  Diffen 
noxn  >  armalme,  vesayianite,  angite  in  being  entirely  unaltered  when  heated  alone  B.Bw 
fip6<yi<  gravity  abont  4^  cassiterite  6 '5. 

OW-  -Rutile  ocGors  m  granite,  gneiss,  mica  slate,  and  syenitic  rocks,  and  sometimes  in 
grantilp.>*  limestone  and  dolomite.  It  is  gfeaerally  foond  in  imbedde<l  crystals,  often  in  masses 
of  quarts  or  feldspar,  and  frequently  in  acicul^^  crystals  penetrating  quartz.  Very  commonly 
implanted  in  regular  position  upon  crystals  of  hematite,  as  from  Gavradi  in  the  TayetschthaL 
Occurs  in  Norway;  Finland  ;  Saualpe,  Carinthia;  in  the  Urals ;  in  the  Tyrol ;  at  St.  Gothard 
near  Freiberg ;  at  Ohlapian  in  Transylvania. 

In  Maine,  at  Warren.  In  VermoTU,  at  Waterbuxy  and  elsewhere.  In  Mass.,  at  Barrej 
Shelbume;  Sheffield.  In  Gonn.,  at  Lane*s  mine,  Monroe.  In  If,  York,  in  Orange  Go. ; 
Edenville ;  Warwick.  In  Penn,,  Ghester  Go.  Li  If.  Car,,  at  Growder's  Mountain.  In 
Georgia^  in  Habersham  Go. ;  in  Lmcoln  Go.,  at  Graves'  Mountain.  In  Arkansas,  at  Magnet 
Oove. 

Titanium  oxide  is  employed  for  a  yellow  color  in  painting  porcelain,  and  also  for  giving  tb«« 
requisite  tint  to  artificial  teeth. 


Binnentbal. 


OOTAHBDBITB.*  Anatase. 

Tetragonal.     0  A 14  =  119**  22' ;  i=z  1-77771.     Commonly  octahedral 
or  tabular.    1 A 1,  pyr.,  = 
or  61'.    /Al  =  158*  18'.  484 

Cleavage:  1  and  O^  per- 
fect. 

H.=5-5-6.  G.=3-82- 
3*95 ;  sometimes  4-1 1-4' 16 
after  heating.  Lu8ti*e 
metallic-adamantine.  Col- 
or various  shades  of  brown,  passmg  into  indigo-blue, 
and  black;  greenish-yellow  by  transmittea  light. 
Streak  uncolored.    Fracture  subconchoidal.    Brittle. 

Oomp. — ^Like  rutile  and  brookite,  pore  titanic  oxide. 

Pyr.,  etc. — Same  as  for  mtile. 

Obs. — Abundant  at  Bourg  d^Oisans,  in  Dauphiny ;  also  in  the  Bin- 
nentbal (iududing  here  Eenngott*s  wiserinfi,  f.  484.  as  shown  by  Klein,  Jahrb.  Min.,  1875, 
837);    at  Pfiteoh  Joch,  Tyrol ;  near  Hof  in  the  Fiohtelgeblrge ;  Norway;   the  Urals;  in 
Deyonshire,  near  Tavistook ;  at  Tremadoc,  in  North  Wales ;  in  Cornwall :  in  Brazil  in  quartz. 
In  the  U.  States,  at  Smithfield,  R.  L 

HAUSMANNrrs.— Mni04=2MnO,MnOa.    Tetragonal,  Oa1-»=180"  25'.     Color  brownish- 
blaok.     Thnringia  :  Han,  etc. 

Bhaunitb.— 2(SMnO,MnO,)+Mn03,SiOi.     Tetragonal,    0  A  1-^=186*  26'.      Color  dark 
brownish-black.    Thnringia :  Norway,  eta 

Moriuic  (Mennige,  (?«r»t.).— Pbt04=PbOs+2PbO.    BadenweOer ;  Wythe  Oa,  Va.,  eto. 


BROOSITB.* 


Orthorhombic  (!).  /a/=99«  50'  (-100*  60'):  C?A14  =  131*  42'; 
i:l:d=:  1'1620  : 1-1883  : 1.    Cleavage :  /,  indistinct ;  (?,  still  more  so. 

H.=5-5-6.  G.=4-12-4-23, brookite;  4-03-4-085, arkansite.  Hair-brown, 
vcUowishi  or  reddish^  with  metallic  adamantine  luBtrOi  and  translucent 


VB80ICIFTITB   UIIfEKAIAQT. 


(brookite);  also  ircn-Msck,  opaqne,  siid  eubmetallio  (arkanntfe).    fltreah 
DDcolored — grayish,  yellowuh.     Brittle, 


EUenTlUe,  N.  T. 


Oompi. —  Pure  titanlo  ozfdB,  TiOj,  like  ratile  and  octobediite. 

Pyr^  ntc. — Same  m  formtile. 

Ot» — BrooUte  ocean  at  Boms  d'Oiaane  in  Danpltiny ;  at  3t.  Qotlmid ;  in  the  ITib1«,  near 
Hlnak ;  In  thick  black  oi^stals  {arkaTunle  1.  486)  at  Ma^tet  Cots,  Arkanaas,  tometimea  altered 
to  ratile  by  paramorphitm ;  at  EUenville,  Ulster  Co.,  N.  Y. ;  at  Paris,  Maine. 

Btdiranf  baa  announced  (Atlas  Miu.,  Beidi.  IV.)  that  be  bncfoand  broo^te  to  bo  rrumoetijtii 
(and  isomorphona  with  wolframite).  Be  diBting:nishea  three  tjpea  having  different  aziai 
relations.  The  meatnremente  of  t.  Bath,  howerer,  aeem  to  thow  tbat  in  port  it  mnaC  be 
ort/twhambie. 

Ei»uinTR.^FTOin  Oheateifleld,  Hut.,  ma;  be  identiMl  with  brookite. 


3 


FTBOLUSn^.*  Folianite. 

IM=Q3°  40',  OaI4  =  U2°  11';  ^  :  X  :  d!  =  0-776  : 
1*066  : 1,  Cleavage  /and  i-i.  Also  columnar,  often 
divet^nt ;  alao  granular  Tnaaeive,  and  frequently  in 
renifomi  coats.     Often  soils. 

H.=2-2-5.  G.=4'82.  Turner.  Lnstre  metallic 
Color  iron-black,  dark  steel-gray,  eometimea  bluieh. 
Streak  black  or  bluish-black,  Buraetimoa  anbmotallic. 
Opaque.     Rather  brittle. 

Oomp.— 2&iOi=HBngaueBe  03-3,  oxygren  86-8=100. 

Pyr.,  atc^B.B.  alone  infoaible ;  od  oharcoal  loses  oxygen.  A  manKaneae  reaction  with 
borax     Afforo'a  chlorine  with  hydiochlodo  aoid. 

OUL — Bardiien  less  than  that  of  pailomelane,  DifFen  from  iron  ores  In  it*  teaotion  fat 
manganeae  B.B.  Eaiily  diatingniehed  from  pailomelane  by  its  inferior  hardneas,  and  nsnajly 
by  being  crjstallinB. 

Ob»,--0oaor«  ertenaiTely  at  Elg^eraberg  near  Itmenao  in  Thniingla ;  at  Vorderohrenadorf  in 
Horavla:  at  Flatten  in  Bohemia,  and  ^.sewbere.  Oocnn  in  the  United  States  In  Vermont, 
at  Brandon,  eto. ;  at  Oonway.  Haaa.  ■  at  WlnoheateE,  N.  H.  ;  at  Salisbury  acd  Kent,  Oonu. 
In  California,  on  Bed  island,  bay  of  Baa  Franoiaoo.  In  New  Bnuuwiok,  near  Bathoiat.  Id 
NoTa  Scotia,  at  Walton ;  Fieton,  etc. 

Fyrolnaite  and  manganite  are  the  most  important  of  Vbe  oree  of  maDganese.  Pyrolnaila 
|mrta  with  its  oxygen  at  a  red  beat,  and  ia  extenaiTelj  employed  for  dJ^aiginK  the  brim 
and  green  tinta  of  glaaa.     It  hence  rsoeivBd  its  name  from  iriip,  Jlrt,  and  Ibu,  to  uatA. 

^ujaniO..  OT  SCaO-<-3UuO.,     Foliated.     Color  blank.     Tbuiii«U. 


raCTOSH   OOHTOmiDS. — UYDKOCS   OXIDES. 


B.  HYDROUS    OXIDES. 

Compact  fibrons  and  divergent,  to  maselve;  often  botrjoidal  and  sta- 
lactitio  like  limonite.     Also  earthy,  as  i-ed  ochre. 

H.=3-6.  G.=3-56-3-74,  from  Ura!;  4-29-4-49,  fr.  Hof;  4-681,  fr. 
Qorfaauseii ;  4*14,  fr.  Salisbury.  Lustre  snbmetalliu  and  somewhat  salin- 
like  in  the  direction  of  the  fibrous  structure;  also  dull  earthy.  Oiloi 
reddish-black,  to  dark  red ;  bright-i-ed  when  earthy ;  botryoidal  surface 
often  lustrous,  like  much  limonite.     Opaque. 

Oomp. — HiFe,OT=lH>ii  eesquioxlde  04-7,  water  5'3=100. 

PjTT.,  «te. —  Qeabed  in  a  closed  tube,  fliea  to  pieces  in  &  remarkable  manner ;  jlalda  watei. 
OtherwiBe  like  hematite. 

nC— Diatiugutahed  [com  hematite  and  limonite  bf  its  saperior  hardnesB,  the  coloi  of  iti 
■tiBak,  and  B.B.  ita  decrepitation. 

Obi. — A  verj  common  ore  of  iron,  Oucora  at  the  Turginsk  copper  mine  near  Boegolorak, 
in  the  Ural ;  near  Hof  in  Bavaria,  and  Siegen  ia  Pnuaia ;  at  HorbaQRen.  la  the  IT.  S.  ii 
ooenia  at  Salitbnij,  Ct. 


Oithorhombic.      /A /==  93°    42}',    £?Al-*=147''    12^';    i:h:A  — 
0-64425  :  1-067  : 1.      t-I  A  1-i  =  121  °  TJ',    i-i  A  1-2  =  104" 
14J'.   i-I  A 1  =  116°  5+i'.     OrystaU  usually  thin,  flattened  iW 

parallel  to  i-i;  sometimes  acicular;  commonly  implanted. 
Cleavage :  i-i  eminent ;  i-2  less  perfect.  Occurs  foliated 
massive  and  in  thin  scales;  sometimes  stalactitie. 

H.=6-5-7.  G.=:3-3-3-5.  Lustre  bi'illiant  and  pearly  on 
cleavage-face;  elsewhere  vitreous.  Color  whitish,  gi-avisli- 
white,  gi-eenish-eray,  hair-brown,  yellowish,  to  colorless; 
Bometimea  viotet-blne  in  one  dJre<:tion,  reddish  plumb-bliie 
in  anothei-,  and  pale  asparagua-ei-eeu  in  a  third.  When  tliin, 
translucent — snb translucent.     Very  brittle. 

Oomp.— H,AIO.=Alnmina  8S-1,  water  11-9=100;  a  little  pboepboniB 
pentoxide  ia  often  priMent. 

Pyr.,  eto. — In  tbe  dosed  tnbs  decrepitates  strong!;,  Beparating  into  pearly  white  scolea. 
and  at  a  high  tempexatiire  yields  water.  The  variety  trom  Sohemniti  doea  not  deorepitata. 
IntoB^ble  1  with  cobalt  Bolntion  gives  a  deep  bine  color.  Some  varietias  react  for  iioa  with 
the  fluies.     Not  attacked  by  acids,  bnt  after  ignition  becomes  solnble  in  snlphurio  acid. 

Dlff. — Dietingnislied  (B.l).j  by  its  decrepitation  and  yielding  wator :  as  aim  by  the  reaction 
tor  alumina  wiUi  cobalt  solution.     Resembles  soma  varieties  of  hornblende,  bnt  is  harder. 

Obi. — Connnonly  found  with  comndnm  or  emery.  Occurs  in  the  Ural ;  at  Scbemnit* ; 
at  Broildbo  near  Fahlim;  In  Switierland ;  in  Asia  Minor,  and  the  QreoianislaiidB ;  in  Obeeta 
Oo^  Pa. ;  at  the  emery  mines  of  Chester,  Mass.  ;  N.  Carolina. 

Vtni^tort  was  named  by  EUOy  from  iiaaireipo,  to  ecatter,  alladiD|[  to  the  iisnal  decrepitattw 
b«lon  th*  blowpipe. 


I>E80BIPTIVE  UINESALOOT. 


Q^tBlTB. 


Orthorhomb'c.     /A  /=  94°  52'  {B.  &  M.) ;   0  A 14  =  146°  38' ;  i:l:d 
=  0-66  :  1-089  : 1.     In   prisinB   longitudinally  striated,  iind 
4Bi  often  Hattened  into  euales  or  tables  parallel  to  the  Khorter 

diagonal.  Cleavage;  bracliy diagonal,  very  pei'fect.  Also 
fibrous;  foliated  or  in  scales;  itiassive;  I'enifoi'nt;  stalac- 
titic. 

H.=5-5'5.  G.=4'0-4'4.  Lnatre  imperfect  adamantine. 
Color  yellowish,  reddish,  and  blackish-brown.  Often  blood- 
red  by  transmitted  light.  Streak  browniBh-yellow^-oehre- 
yoUow. 

Var. — 1.  In  tbin  Bcale-like  ot  tabular  djrtals,  nsoaUy  attached  hj  one 
edge.  3.  In  uncnlor  or  uapillaij  (not  flexible)  cryetalit,  oi  slender  priunH.  often  ladUtdy 
groaped :  the  Naedl»-lron»Uni»  {NaMeiieiateiTi).  It  passes  into  (A)  b.  Tuietj  with  a  Telvety 
■nrface :  the  Frtibramite  {Sammttbiende)  of  Frzibram  is  oi  this  kmd.  Other  varieties  am 
oolnnmar  or  flbrons,  scalj'-fibi'oos.  or  feathery  ooJutnnar;  oompsot  masdve,  with  a  flat  oon- 
oholdal  fmotnre  ;  and  sometimes  reniform  or  stalactitio. 

Oomp — H,FeO,  =  H,FeO,  +  aFeO,=Iron  sesqdoxide  89-B,  water  101  =  1CK). 

Pyr.,  etc.— In  the  close*!  tube  gives  oS  wat«r  and  is  converted  into  red  iron  sesqniozide. 
With  the  flnies  like  hematite ;  most  varieties  give  a  manganese  reaotioQ,  and  some  treated 
in  the  foTcsps  in  O.F.,  afur  moistening  in  salphudc  add,  impart  a  bloish-green  color  to  the 
flame  {phospborlc  acid).     Soluble  in  hfdrocbloria  add. 

Obs — Found  with  the  other  iron  oxides,  eBpeoislly  hematite  or  limonite.  Oocnrs  at  Eieet 
feld  ;  in  Nassau ;  at  Zwickau  in  &aiony ;  in  Cornwall ;  in  Somersetshire,  at  the  Frovidanoa 
iron  mines.  Id  the  U.  States,  near  Marqaette,  L.  Superior;  in  Fenn.,  near  Baston;  in 
Califonda,  at  Bums  Creek,  Mariposa  Co. 

Named  GMiiU  after  the  poet-philosopher  Gothe;  and  PyrrluitideriU  from  irtp^,  firt-red, 
And  oidijpof,  iron. 

MAHaAHITB. 

Orthorhombic.  Ih /=  99=  40',  O A l-i  =  147'  9f ;  c\l:d  =  06455  : 
1-185  :  1.  Twins;  twinning-plane  l-l  (f.  296,  p.  96j.  Cleavage;  i-i  very 
perfect,  7  perfect.  Crystals  longitndiiially  striated,  and  oft«u  grouped  in 
bundles.    Also  columnar ;  seldom  granular;  Btalactitic. 

H.=4.  G.:=4'2-4'4.  Lustre  siib  metal  lie.  Ciilor  dark  steel-gray — iron- 
black.  Streak  reddisli-brown,  sometimes  nearly  black.  Opaque;  minute 
splinters  sometimes  bi"own  by  transmitted  light.     Fracture  uneven. 

Comp.— H,MnO,=H,MQOi-h3MnOi=Uai«aneBe  sesqnioxide  8B-8  (=Mn  626,  0  87-8), 
water  lOli^lOO. 

"PjT.,  eto. — In  the  closed  tnbe  yields  water ;  otherwise  like  bratinite. 

Obi. — Oocars  in  veins  traversing  porphyry,  at  Defeld  in  the  Han  ;  InThuringia;  Undenaea 
in  Aweden;  Christiansand  in  Norway;  Cornwall,  at  TBrions  places;  also  in  Cumberluid, 
DeroDshire,  eta  In  Ifova  Sootia,  at  Cbeverie,  eto.  In  New  Bmnswiok,  at  Bhepody  monn- 
tain,  Albwt  Co.,  etc 


ZJHONZm.    Brown  Hematite.     Branneiseuateln,  Qerm. 

Uanally  in  stalactitdo  and  botryoidal  or  mammillary  forms,  having  a  fibroai 
or  Bubfibrous  etructnre;  also  concretionary,  massive;  and  occaiionally 
Mrtby. 
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H»=5~5'5,  Q.=8'6-4.  Lustre  silky,  often  submetallic ;  sometimes  dull 
liud  earthy.  Color  of  surface  of  fracture  various  siiades  of  brown,  com- 
monly  dark,  and  none  bright ;  sometimes  with  a  nearly  black  varnish-like 
exterior ;  when  earthy,  brownish-yellow,  ochre-yellow.  Sti*eak  yellowish- 
brown. 

Var.-  (1)  Com/pact,  SubmetaUic  to  sUky  in  lastre:  often  stalactitio,  botiyoidal,  etc.  (2} 
Ochreous  or  eartihj,  brownish-yeUow  to  ochre-jeUow,  often  impure  from  the  presence  of  day, 
■and^  eta  (8)  Bog  ore.  The  ore  from  manSij  places,  generaUy  loose  or  porous  in  texture, 
often  petrifying  leaves,  wood,  nuts,  eta  (4)  Brovm  dayircn&tone^  in  compact  masses,  often 
in  concretionary  nodules,  having  a  brownish-yeUow  streak,  and  thus  distinguishable  from  the 
clay-ironstone  of  the  spedes  hematite  and  siderite ;  it  is  sometimes  (a)  pidoUtie,  or  an  aggre* 
gation  of  concretions  of  the  size  of  smcdl  peas  (Bohnerz,  Oerm.);  or  {b)  oolitic, 

Oomp.— HeFe908=He9eOe+FoOs=Iron  seaquiozide  85*6.  water  14*4=100.  In  the  bog 
ores  and  ochres,  sand,  day,  phosphates,  manganese  oxides,  and  humio  or  other  acids  of  ozganio 
origin  are  very  common  impurities. 

Pyr.,  0to.^Llke  gothite.  Some  varieties  give  a  skeleton  of  silica  when  fused  with  salt  of 
phosphorus,  and  leave  a  siliceous  residue  when  attacked  by  adds. 

DijQL — Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its  reac- 
tion for  water.    Does  not  decrepitate,  B.B. ,  like  tuigite. 

Obs. — Limonite  occurs  in  secondary  or  more  recent  deposits,  in  beds  associated  at  times 
with  barite,  siderite,  calcite,  aragonite,  and  quartz ;  and  often  with  ores  of  manganese ;  alsu 
as  a  modem  marsh  deposit.  It  is  in  all  cases  a  result  of  the  alteration  of  other  ores,  through 
exposure  to  moisture,  air,  and  carbonic  or  organic  adds ;  and  is  derived  largely  from  the 
change  of  pyrite,  siderite,  magnetite,  and  various  mineral  spedes  (such  as  mica,  augite,  horn- 
blende, etc. ),  which  contain  iron  in  the  protoxide  state. 

Abundant  in  the  United  States.  Extensive  beds  exist  at  Salisbury  and  Kent,  Conn.,  also 
in  the  neighboring  towns  of  N.  Y.,  and  in  a  similar  situation  north;  at  Richmond  and  Lenox, 
Ifass. ;  in  Vermont,  at  Bennington,  etc. 

Limonite  is  one  of  the  most  important  ores  of  iron.  The  pig  iron,  from  the  purer  varieties, 
obtained  by  smelting  with  charcoal,  is  of  superior  quality.  That  yielded  by  bog  ore  is  what 
is  termed  eoid  shorty  owing  to  the  phosphorus  present,  and  cannot  therefore  be  employed  in 
the  manufacture  of  wire,  or  even  of  sheet  iron,  but  is  valuable  for  casting.  The  hard  and 
compact  nodular  varieties  are  employed  in  policing  metnllic  buttons,  eta 

Mrlanosideritk. — Near  limonite,  but  containing  7*89  p.  c.  SiOa,  perhaps  as  an  impurity. 
Gooke  regards  it  as  a  veiy  basic  silicate  of  iron.     G.  =3*39.     Westchester,  Penn. 

XANTHOsroRRrrB.— H4FeOft=FeOs  81*6,  HaO  18*4=100;  or  H«FeO«  (Bamm.).  In  fine 
needles.    Color  yellow,  brown.     Ilmenau ;  the  Harz. 

Bbauzite. — Occurs  in  concretionary  grains.  Color  whitish  to  brown.  Composition  doubt- 
ful, perhaps  i^l(Fe)0s+2aq.  Beaux,  near  Aries,  France;  near  LakeWochein,  Styria  {woehei- 
nite)\  French  Quiana. 


BRUOXTB.* 


Ehombohedral.     5a5  =  82*  22*',   (?a5  =  119^  39*';   (5  =  1-52078 
(Hessenberg).    Crystals  often  broad  tabular.    Cleavage:  basal,  eminent 


493 


Low*s  Mine,  Texas.  Wood^s  Mine,  Texas. 

folia  easily  separable,  nearly  as  in  gypBum,    Usually  foliated   massiva 
Also  fibrous,  fibres  separable  and  elastic. 
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H.=2-6.  G.=2'35-2'44.  Liietre  pearly  on  a  cleavage-face,  elsewhere 
between  waxy  and  vitreous ;  tlie  fibrous  silky.    Color  white,  inclining  to 

fray,  blue,  or  green.    Streak  white.    Translucent — subtranslucent.    Sectile. 
*hin  laminss  flexible. 

Oomp.— H,MgOt=lCagiie8ia  60,  water  81=100. 

Var. — 1.  Foliated.    2.  Fibrona ;  called  nemaUtey  contahiizig  4  or  5  p.  &  of  FeO. 

Pyr.,  etc. — In  tbe  closed  tabe  giyes  off  water,  becoming  opaque  and  friable,  Bometimei 
tamiDg  gray  to  brown.  B.B.  infusible,  glows  with  a  bright  %ht,  and  the  ignited  mineral 
reacts  alkaline  to  test  paper.  With  cobidt  solution  giyes  the  yiolet-red  color  of  magnesiiu 
The  pure  mineral  is  soluble  in  acids  without  effervescence. 

DlfiL— Distinguished  by  its  infusibility.     Differs  from  talc  in  its  solubility  in  acids. 

Obs. — Brucite  accompanies  other  magnesian  minerals  in  serpentine,  and  has  also  been  found 
in  limestone.  Occurs  at  Swinaness  in  Unst,  Shetland  Isles :  in  the  Urals ;  at  €h)ujot  in 
Frauce  ;  near  Filipstadt  in  Wermland.  It  occurs  at  Hoboken,  N.  J. ;  in  Richmond  Co. ,  K.  Y. ; 
at  Brewster,  N.  Y. ;  at  Texas,  Pa.  The  fibrous  rariety  {nemaiUe)  ooonzs  at  Hoboken,  and 
at  Xettes  in  the  Vo^^. 

OIBBBlTil. 

Monoclinic  (DesCl.).  In  small  hexagonal  crystals  wi'ih  replaced  lateral 
edges.  Planes  vertically  striated.  Cleavage :  basal  or  O  eminent.  Occa- 
sionally in  lamello-radiate  spheroidal  concretions.  Usually  stalactitic,  or 
small  mammillary  and  incrusting,  with  smooth  surface,  and  often  a  faint 
fibrous  structure  within. 

H.=:2-5-3'5.  G.=2*3-24.  Color  white,  grayish,  greenish,  or  reddish- 
white  ;  also  reddish-yellow  when  impure.  Liistre  of  O  pearly ;  of  other 
faces  vitreous;  of  surface  of  stalactites  faint.  Translucent;  sometimes 
transparent  in  crystals.  A  strt^ng  argillaceous  odor  when  breathed  on. 
Tough. 

Var. — 1.  In  ciystals ;  the  original  hydrar^C^e,    3.  Stalactitic ;  ffibbHte, 

Oomp.-*H«A10e=:Alumina  65*6,  water  84-5=100. 

Pyr.,  etc.— In  the  closed  tube  becomes  white  and  opaque,  and  yields  water.  B.B.  infusible, 
whitens,  and  does  not  impart  a  green  color  to  the  flame.  With  cobalt  solution  gives  a  deep- 
blue  color.     Soluble  in  concentrated  sulphuric  acid. 

IXfL  -'Resembles  chalcedony  in  appearance,  but  is  softer. 

Obs. — ^The  crystallised  gibbsite  occurs  near  Slatoust  in  the  Ural;  at  Gumuchdagh,  Asia 
Ifinor;  on  corundum  at  UnionviUe,  Pa.;  in  Brazil.  The  stalactitic  occurs  at  Ri(3imond, 
Mass.;  at  the  Glove  mine,  Duchess  Co.,  N.  Y.;  in  Orange  Co.,  N.  Y. 

Rose's  hydrargillite  (Urals,  1880)  is  identical  with  gibbsite  (Tozrey,  1822),  and  must  receive 
this  name.  An  uncertain  mineral  from  Richmond  afforded  Hermann  88  p.  a  of  phosphoric 
add,  but  a  phosphate,  if  it  really  occurs  there,  is  not  gibbsite. 

PTBOCHROlTE.^HsMn09=Manganese  protoxide  70*8,  water  20'2=100.  Foliated.  Color 
white.     Mine  of  Paisberg,  Filipstadt,  Sweden. 

Htdrotalcite  from  Snarum,  Norway,  and  Tolrnkbite  from  the  Unds,  contain  alumina, 
msgnesia,  and  water  with  more  or  less  carbon  dioxide.  Probably  mixtures,  containing 
brucitof  gibbsite,  eto.  Houghite  from  Oxbow  and  Rossie,  N.  Y.,  is  a  similar  mineral 
derived  from  the  alteration  of  spinel.  Namaqualitb  {(Jhurek),  A  related  mineral;  from 
Namaqualand,  So.  Africa. 


PfilLOBCBULNB.* 


Missive  and  botryoidal.     Reniform.     Stalactitic. 
H.=5-6.    G.=3'7-4-7.     LuBtre   siibmetallic.    Streak    brownish-black, 
•hining.     Color  iron-black,  passing  into  dark  steel-gray.     Opaque. 
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Oomp. — Boniewhat  doubtfnl  ContaiziB  maxiganeae  oxide,  with  varying  amounts  of  baiyta. 
•ad  potash  (lithia),  and  also  water.  General  formula,  aooording  to  Rammelsberg,  BftO»=Bu 
+4MnOt,  where  B  is  Eat,  Ba  or  Mn.    Analyses: 

O       MqO     BaO      EtO      HsO 

1.  ThUringen    11-48    66*76    16-69     6-26    OaO  0-50,  OoO  0*79,  GaO  0*61 =100 '7S 

OlsohewsJcy 
8.  llmenan        15-82    77*23      012      5*29     GaO  0*91,  GnO  0-40=99-77  Glausbmoh! 

Pyr.,  etc. — In  the  dosed  tabe  most  varieties  yield  water,  and  all  lose  oxygen  on  ignition : 
with  the  flaxes  reacts  for  manganese.  Soluble  in  hydroohlorio  add,  with  evolutioin  of 
ohlorine. 

Obfl. — This  is  a  oommon  ore  of  manganese.  It  oooors  in  Devonshire  and  Cornwall ;  at 
nef eld  in  the  Harz ;  also  at  Johanngeorgeustadt ;  Schneeberg ;  llmenan ;  Siegen,  eta  It 
fonns  mammiUary  masses  at  Ghittenden,  Irasbuzg,  and  Brandon,  YL 


WAD. 

The  manganese  ores  here  included  occur  in  amorphous  and  reiiiform 
masses,  either  earthy  or  compact,  and  sometimes  incrustins^  or  as  stains. 
They  are  mixtures  of  different  oxides,  and  cannot  be  considered  chemical 
compounds  or  distinct  mineral  species. 

H.=0-6-6.  G.=:3-4'26 ;  often  loosely  aggregated,  and  feeling  very  light 
to  tlie  hands.     Color  dull  black,  bluish  or  brownish-black. 

Oomp.,  Var*— Perhaps  HaMna0«=2Mn0t+aq(Bammekbeig),  but  in  all  oases  mixed  with 
other  ingredientn. 
Varieties:  (A;  Manganealan;  (B)  Gobaltiferoos ;  (G)  Cnpriferons. 

A.  Boo  Mamoanbse. — Oonsists  mainly  of  manganese  dioxide  and  water,  with  some  iron 
seequiozide,  and  often  silica,  alamina,  baryt& 

B.  AsBOLiTE,  or  Earthy  Oobalt,  is  wad  containing  oobalt  oxide,  whioh  sometimes  amom&ti 
to  82  p.  o.     Lithiophoritt^  ?ieUrogenite,  and  robbcU'jmte  belong  near  here. 

0.  Lamfadfte,  or  Onpreous  Manganese.  A  wad  containing  4  to  18  p.  c.  of  copper  oxide, 
and  often  cobalt  oxide  also.     It  graduates  into  black  copper  (Melaoonite).     G.  =3' 1-8*2. 

Pyr.j  eto. —  Wad  reacts  like  p^omelane.  Earthy  oobalt  gives  a  blue  bead  with  salt  of 
phosphorus,  and  when  heated  in  B.  F.  on  charcoal  with  tin,  some  specimens  yield  a  red  opaque 
bead  (copper).  Cupreous  manganese  gives  similar  reactions,  and  three  varieties  give  a  ntrong 
manganese  reaction  with  soda,  and  evolve  chlorine  when  treated  with  hydrochloric  acid. 

Obs. — The  above  ores  are  results  of  the  decomposition  of  other  ores — partly  of  oxides,  and 
partly  of  manganesian  carbonates.  Wad  or  bog  manganese  is  abundant  in  the  counties  of 
Golumbia  and  Dutchess,  N.  Y.  There  are  large  deposits  of  bog  manganese  at  Blue  Hill  Bay, 
Dover,  and  other  places  in  Maine. 

Earthy  cobalt  occurs  at  Biechelsdorf  in  Hesse;  Saalfeld  in  T]^uringia;  at  Nertechinsk  in 
Siberia ;  at  Alderly  Edge  in  Cheshire. 

Ghalcofhanitb. — Bhombohedral.  In  druses  of  minute  tabular  crystals ;  also  in  stalaoti- 
tio  aggregates.  H.:=2-5.  0.-8-907.  Lustre  metallia  Golor  bluish-black.  Analysis  gay* 
MnO,  59*04,  MnO  6'58,  ZnO  21*70,  FeO.  0*25,  H«0  11-58=10005.  Gomposition  2Mndt-h 
(Mti,Zn)0  +  2aa.  If  half  the  water  were  basic,  the  formula  might  be  written  2RMn03 +aq, 
where  R  =  Mn,Zn  and  Hj.  B.B.  becomes  of  a  copper  color,  hence  the  name  (jtaA^o?,  hraaa, 
bronze,  and  q^airoot  to  appear).    Stirling  Hill,  2i.  J.    (Moore.) 
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S.  OXIDES  OF  Elements  of  the  Absknio  and  Sulphur  Gboufb,  Series  11 


VAZjENTINITZI.    WeiflspieRglasen,  Qerm^ 

•Orthorhombic.    /A  /  =  136^  58' ;  (9  A 14  =  106**  35' ;  o :  2  :  rf  =  3-5S68  : 
^^  2*5366  : 1.     Often  in  rectangular  plates  with  the  lateral 

edges  bevelled,  and  in  acicular  rhombic  prisms.  Cleav- 
age :  /,  highly  perfect,  easily  obtained.  Also  massive ; 
stracture  lamellar,  columnar,  granular. 

H.=2'5-3.  G.=5*566,  crystals  from  Brftunsdorf. 
Lustre  adamantine,  i-i  often  pearly ;  shining.  Color 
snow-white,  occasionally  peach-blossom  red,  and  ash-gray 
to  brownish.  Streak  white.  Translucent — subtrans- 
pai*ent. 

Oomp.— Sb30s=0xygcn  16'44,  antimony  88-58=100. 
Ob 4. — Found  at  Przibram  in  Bohemia;  at  Felaobanya  in  Hong^aiy; 
Biaunsdorf  in  Saxony.     Also  at  South  Ham,  Canada  East 

SEiVARMONTiTE.'^Same  composition  a.s  tJie  above,  but  crystallizes  in  isometric  octahe- 
drons.    G.  =5*2-5 '3.    Pemeck,  Hungary;  Gomwall;  Haraclas  in  Algeria ;  S.  Ham,  Canada. 

CLAUDBTrrs ;  Arsbnolitb. — ^Both  AsaOa.  The  lormer  is  orthorhombic,  the  latter  iso- 
metria  They  thus  correspond  to  the  two  forms  of  Sb^Ot  (see  above).  ClaudeUte  (G.  =8*85} 
occurs  in  thin  plates  at  the  San  Domingo  mines,  Portugal  ArsenoUte  {Q,=:8'QvS)  oocnn 
usually  in  capillary  crystals,  also  stalactitio;  etuthy.  Andreasbeig;  Joachimsthal ;  Com- 
waU ;  Ophir  mine,  Nevada ;  California. 

BiSMiTE  (Wismuthocker,  (?tfn/» ). — BiaOs.  Occurs  massive,  earthy.  Schneeberg;  Joachims 
thai;  ComwaU.     EARELiNiTB.~8BiO+BiS.    Massive.     Color  lead-gray.    G.=6'69.     Save- 
dinsk  mine  in  the  Altai 

HoLTBDiTB  (Molybdanocker,  Oerm.), — Composition  MoOt.  In  radiated  ciystallizations,  as 
an  incrustation,  etc.  Occurs  with  molybdenite.  At  Westmoreland,  New  Hampshire ;  Chester, 
Penn. ;  Virginia  City,  Nevada.     iLSGMAiTNrrB,  near  the  above.    Bleibeig,  Carinthia. 

TUNGSTITB. — ^WOi.  Pulverulent  and  earthy.  Cornwall;  Monroe,  Ct.  Meymacitb 
(Camot). — A  hydrated  tnngstite.    Meymac,  Oorrdse. 

KBBHKsrTB  (Antimonblende,  C/^rm.).— Composition  SbiS90=2SbsSs+SbaOi.  In  capillazy 
crystals.     Color  cheny-red.     Brauusdorf,  Saxony ;  AUemont ;  South  Ham,  Canada  East. 

Cervantitr. — SbOa = SbaOa + Sb^Ot.  Color  yellow,  fiesults  from  alteration  of  stibnitei 
Spain;  Tuscany ;  Hnngazy,  etc ;  South  Ham,  Canada. 


8.   OXIDES   OF  THE  CAEBON*8aiOON  GkoCP,   SeBIEB  II. 


QUARTZ.* 

Rhombohedral,  apd  for  the  most  part  hernihedral  to  the  rhombohedron 
(or  tetartohedral 
18' ;  (5  =  1-0999. 
==138**44',i2A  , 

tinct:   sometimes  effected  by  plunging  a  heated  crystal  in   col (f  water. 
Crystals  sometimes  very  short,  but  general  habit  prismatic ;  the  crystaU 
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much  elongated,  sometimes  fine  acicular;  usually  implanted  by  one 
extremity  or  the  prism.  Prismatic  faces  i  commonly  striated  horizontally, 
and  thus  distinguishable,  in  distorted  crystals,  from  the  pyramidal.  Crys- 
tals often  grouped  by  juxtaposition,  not  proper  twins.  Frequently  in  radi- 
ated masses  with  a  surface  of  pyramids,  or  in  druses  having  a  surface  of 
pyramids  or  short  crystals,  twins :  twinning-plane,  (1),  the  basal  jJane 
O  (f .  506) ;  very  generally  penetration-twins,  as  illustrated  in  f.  265,  p.  89. 
(2)  The  pyramid  1-2,  truncating  the  edo^e  between  -{-li  and  —E^  divergence 
or  axes  84**  33'.    Other  methods  of  twinning  rare,  parallel  to  i,  to  My  to 
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\Ry  etc.  (Jenzsch).     Also  in  pseudo-trillings  on  calcite,  with  2-2  as  the 
approximate  twinning-plane  (see  f.  336,  p.  101). 

Massive;    coarse    or  fine  granular  to  flint-like   or  crypto-crystallme 
Sometimes  mammillary,  stalactitic,  and  in  concretionary  forms. 
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JL_»7^  G.=2-5-2-8 ;  2-6413-2-654:l  (Beudant).  Lustre  vitreous,  some 
times  inclining  to  resinous  ;  splendent— nearly  dull.  Colorless  when  pure : 
often  various  shades  of  yellow,  red,  brown,  green,  blue,  black.  Streak 
wiiiie,  Qf  pure  varieties;  if  impure,  often  the  same  as  the  color,  but  much 
paler.  Transpai-ent— opaque.  Fracture  perfect  conchoidal— subconchoi- 
dul.    Tough— brittle— friable.    Polarization  circular,  see  pp.  142-144. 
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Oomp.— PnzA  Kilioa,  or  SiOs=Ox7geii  53  '83,  silioon  46  '67= 100.    In  xnassiTe  varietiai  ol 
mixed  with  a  little  opal-silica.     Impure  varieties  contain  iron  sesquiozide,  caloium  oarbonattty 
day,  sand,  and  Tarions  minerals. 

Var. — 1.  Gxystallized  (phenocrystalline),  Titreous  in  lustre.  2.  Flint-like,  maaaiye,  or  oiyp- 
tooryBtalline.  The  first  division  indndes  all  ordinary  vitreous  quartz,  whether  having  crys- 
talline faces  or  not.  The  varieties  under  the  second  are  in  general  acted  upon  somewhat  more 
by  attrition,  and  by  ohemioal  agents,  as  fiuohydric  acid,  than  those  of  the  first.  In  all  kinds 
made  np  of  layers,  as  agate,  sucoessive  layers  are  unequally  eroded. 

A.   PlIBMOCRTSTALLIKE  OR  YlTHEOUB  YAHIKTIEa. 

1.  Ordinary  CrynUUUeed  ;  liock  CrysUiL  Ovioiiess  quartz,  or  nearly  so.  whether  in  dii* 
tinot  crystals  or  not. 

2.  Asteriated;  Star  quartz  (Stemquartz,  Oerm.),  Containing  within  the  crystal  whitish 
or  colored  radiations  along  the  diametral  planes. 

3.  Afnethpstine;  AmeUiyst  Clear  purple,  or  bluish-violet.  The  color  is  supposed  to  bo 
due  to  manganese. 

4.  BiMe.  Rose-red  or  pink,  but  becoming  paler  on  exposure.  Common  massive,  and  then 
usually  much  cracked.  Lusize  sometunes  a  little  g^asy.  Fuohs  states  that  the  color  is  due 
to  titanic  oxide.    It  may  come  in  part  from  manganese. 

6.  TeHov) ;  False  Topaz,  Yellow  and  pellucid,  or  nearly  so ;  resembling  somewhat  yellow 
topaz,  but  very  different  in  crystallization  and  in  absence  of  cleavage. 

6.  Smoky  ^  Cairngorm  Stone.  Smoky -yellow  to  smoky-brown,  and  often  transparent ;  but 
varying  to  biownish-black,  and  then  nearly  opaque  in  thick  crystals.  The  color  is  due  to 
organic  compounds,  according  to  Forster. 

7.  MUky.  Milk-white  and  nearly  opaque.  .  Lustre  often  greasy,  and  then  called  Orea^ 
quartz. 

8.  Ca^B  Eye  (Katzenauge,  Germ,),  Exhibiting  opalescence,  but  without  prismatic  oolors, 
an  effect  due  to  fibres  of  aebestus. 

9.  Aventurine.     Spangled  with  scales  of  mica  or  other  mineral. 

10.  Impure  from  the  presence  of  distinct  fninerals  distributed  densely  through  the  mass. 
The  more  common  kinds  are  those  in  which  the  impurities  are  :  {a)  ferruginous^  either  red  or 
yellow  iron  oxide ;  (fi)  ohhritiCy  some  kind  of  chlorite ;  (c)  aetincUtio  ;  {d)  micaceous;  {€)  are- 
naceous^ or  sand.  Quartz  crystals  also  occur  penetrated  by  various  mineraJs,  as  topaz,*  corun- 
dum, chiysoberyl,  garnet,  different  species  of  the  hornblende  and  pyroxene  groups,  rutile, 
hematite,  gothite,  etc.,  etc. 

Containing  Uquids  in  cavities.  These  liquids  are  seen  to  move  with  the  change  of  positioD 
of  the  crystal,  provided  an  air-bubble  be  present  in  the  cavity.  The  liquid  is  either  watej 
(pnze,  ot  a  mineral  solution),  carbon  dioxide,  or  some  petroleum-like  or  other  compound. 

B.  Cryptocrtstallinb  Varibtiks. 

1.  uhaieedony.  Having  the  lustre  nearly  of  wax,  and  either  transparent  or  tranaluoenu 
Color  white,  grayish,  pale-brown  to  dark-brown,  black  ;  tendon-color  common  ;  sometimes  deli- 
cate blue.  Also  of  other  shades,  and  then  having  other  names.  Often  mammillary,  botiyoi- 
dal,  stalactitic,  and  occurring  liidng  or  filling  cavities  in  rocks.  It  is  true  quartz,  with  some 
disseminated  opaL 

2.  GameUan.  A  clear  red  chalcedony,  pale  to  deep  in  shade ;  also  brownish-red  to  brown, 
the  latter  kind  reddish-brown  by  transmitted  light. 

3.  Ohrysoprase,  An  apple-green  chaioedony,  the  color  due  to  the  presence  of  nickel 
oxide. 

4.  Prase,  Translucent  and  dull  leek-green ;  so  named  from  np^auv,  a  leek.  Always  regarded 
as  a  stone  of  little  value.     The  name  is  also  g^ven  to  crystalline  quartz  of  the  same  color. 

5.  Plasma.  Rather  bright-green  to  leek-green,  and  also  Hometimes  nearly  emerald-green, 
and  eubtranslucent  or  feebly  translucent ;  sometimes  dotted  with  white.  Hduttntpe^  or 
Btood-^Umey  is  the  same  stone  essentially,  with  small  spots  of  red  jaspf-r,  looking  like  drops  of 
blood. 

6 .  Agate.  A  variegated  chalcedony.  The  colors  are  either  banded  or  in  clouds,  or  due  to 
Tlsible  impurities,  a.  Banded,  The  bands  are  delicate  parallel  lines,  of  white,  tendon-like, 
wax-like,  pale  and  dark-brown,  and  black  colors,  and  sometimes  bluish  and  other  Khadcs. 
They  follow  waving  or  zigzag  courses,  and  are  occasionally  concentric  circular,  as  in  the  eye- 
agate.  The  bands  are  the  edges  of  layers  of  deposition,  the  agate  having  been  formed  by  a 
deposit  of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks,  and 
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deziTing  their  oonoentric  waving  oooraes  from  tiie  irregularities  of  the  walk  of  the  oavi^ 
Owing  also  to  the  nnequal  porosity,  agates  may  be  varied  in  color  by  artificial  means.  /?.  Ir- 
reguiariy  clouded.  The  colors  various,  as  in  banded  agate.  /.  GoLaru  due  to  viitible  impuritie$, 
Including  Moss-agate^  filled  with  brown  moss-like  or  dendritic  forms  distributed  through  the 
mass ;  Dendritie  Agate,  containing  brown  or  black  dendritic  markings.  There  is  also  Agatvted 
Wood :  wood  petrified  with  clouded  agate. 

7.  On$fx.  Like  agate  in  consisting  of  layers  of  different  colors,  but  the  layers  are  in  evea 
planes,  and  the  banding  therefore  straight,  and  hence  its  use  for  cameos,  the  head  being  oal 
in  one  color,  and  another  serving  for  the  background.  The  colors  of  che  best  arc  perfectl/ 
well  defined,  and  either  white  and  black,  or  white,  brown  and  black  altt^mate. 

8.  JSardanyx.  Like  onyx  in  structure,  but  includes  layers  of  camelian  (sard)  along  with 
others  of  wlute  or  whitish,  and  brown,  and  sometimes  black  colors. 

9.  Jaap^.  Impure  opaque  colored  quartz,  (a)  Ued  iron  sesquiozide  being  the  coloring 
matter,  {b)  Browniah^  or  oe/ire-yeUaw,  colored  by  hydrous  iron  sesquioxide,  and  becoming  red 
when  so  heated  as  to  drive  off  the  water,  (c)  Dark-green  and  brownish-green,  {d)  Grayish- 
bine,  {e)  Blackish  or  brownish-black.  (/)  Striped  or  riband  jasper  (Bandjaspis,  Qerm,)^ 
having  the  colors  in  broad  stripes.  (^)  Egyptian  jasper,  in  nodules  which  are  zoned  in  brown 
and  yellowish  colors.  Porcelain  jasper  is  nothing  but  baked  clay,  and  differs  from  true  jasper 
in  being  B.B.  fusible  on  the  edges.  lied  porphyry,  or  its  base,  resembles  jasper,  but  is  also 
fusible  on  the  edges,  being  usually  an  impure  feldspar. 

10.  Agate-Jasper.    An  agate  consisting  of  jasper  with  veinings  and  cloudings  of  chalcedony. 

11.  SUiceous  sinter*  Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain* 
ing  silica  or  soluble  silicates  in  solution. 

12.  Flint  (Feuerstein,  Qerm.),  Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of 
dull  colors,  usually  gray,  smoky-brown,  and  brownish-black.  The  exterior  is  often  whitish, 
from  mixture  with  lime  or  chalk,  in  which  it  is  imbedded.  Lustre  barely  glistening,  sub- 
vitreous.  Breaks  with  a  deeply  oonchoidal  fracture,  and  a  sharp  cutting  edge.  The  flint  of 
the  chalk  formation  consists  lai^ly  of  the  remains  of  infusoria  (Diatoms),  sponges,  and  other 
marine  productions.  The  ooloring  matter  of  the  common  kinds  is  mostly  carbonaceous 
matter. 

18.  Hornstone  (Homstein,  Oerm.).  Resembles  flint,  but  more  brittle,  the  fracture  more 
splintery.  Chert  is  a  term  often  applied  to  hornstone,  and  to  any  impure  flinty  rock,  includ- 
ing the  jaspers. 

14.  Basanite,  Lydian  Stone  or  Touchstone,  A  velvet-black  siliceous  stone  or  flinty  jasper, 
used  on  account  of  its  hardness  an<i  black  color  for  trying  the  puricy  of  the  precious  metals. 
The  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienued  eye 
the  amount  of  alloy.    It  is  not  splintery  like  hornstone. 

Psn^.^  etc. — B.B.  unaltered ;  with  borax  dissolves  slowly  to  a  dear  glass ;  with  soda  dis- 
solves with  effervescence ;  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydrochloric 
acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkalies.  When  fused  and 
cooled  it  becomes  opal-silioa,  having  G.  =:2'2. 

Diff. — Quartz  is  distinguished  by  its  hardness — scratching  glass  with  facility ;  %nfusibiUt$ 
— not  fusing  before  the  blowpipe  ;  insohUnlity — not  attacked  by  water  or  the  acids ;  uncleavO' 
bUity—one  variety  being  tabular,  but  proper  cleavage  never  being  distinctly  observed.  To 
these  characteristics  the  action  of  soda  B.  B.  may  be  added. 

Obs. — Quartz  oocuis  as  one  of  the  essential  constituents  of  granite,  syenite,  gnei^^^s,  mica 
schist,  and  many  related  rocks  ;  as  the  principal  constituent  of  quartz-rock  and  many  sand- 
stones ;  as  an  unessential  ingredient  in  some  trachyte,  porphyry,  etc.  ;  as  the  vein-stone  in 
various  rocks,  and  for  a  large  part  of  mineral  veins ;  as  a  foreign  mineral  in  the  cavitieb  of  trap, 
basalt,  and  related  rocks,  some  limestones,  etc. ,  making  geodes  of  crystals,  or  of  chalcedony, 
agate,  camelian,  etc. ;  as  imbedded  nodules  or  masses  in  various  limestones,  constituting  the 
flint  of  the  chalk  formation,  the  hornstone  of  other  limestones — these  nodules  sometimes 
becoming  continuous  layers  ;  as  masses  of  jasper  occasionally  in  limestone.  It  is  the  principal 
material  of  the  pebbles  of  gravel  beds,  and  of  the  sands  of  the  sea-shore  and  sand  beds  every- 
where. Silica  also  occurs  in  solution  (but  mostly  as  a  soluble  alkaline  niliciite)  in  hpaticd 
natural  waters,  as  those  of  the  Geysers  of  Iceland,  New  Zealand,  and  Gulifom:a,  and  the 
Yellowstone  Park,  and  very  sparingly  in  many  cold  mineral  waters. 

Switzerland,  Dauphiny,  Piedmont,  tbe  Carrara  quarries,  and  numerous  other  foreign  locali- 
ties, afford  fine  specimens  of  rock  crystal.  Amethysts  are  brought  from  India,  Ceylon,  and 
Persia,  also  Transylvania.  The  amygdaloids  of  Iceland  and  the  Faroe  Islands,  afford  magni- 
ficent specimens  of  chalcedony ;  also  Hiittenberg  and  Loben  in  Carinthia.  eta  The  finest 
cornelians  and  agates  are  found  in  Arabia,  India.  Brazil,  Surinam,  Oberstein,  and  Saxony. 
CaVs  eye,  in  Ceylon,  the  coast  of  Malauar,  and  also  in  the  Harz  and  Bavaria.  IldiotropSy  ii 
Bucharia,  Ta  tary,  Siberia. 
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In  New  York^  quartz  czystals  are  abundant  in  Herkimer  Co.  Fine  dodeoabedral  crjrBtala, 
at  the  beds  of  specular  iron  in  St.  Lawrence  Go.  In  Antwerp,  Jefferson  Co.,  at  Diamond 
Island  and  Diamond  Point,  Lake  George,  Pelham  and  Chesterfield,  Mass. «  Paris  and  Perry, 
Me.,  Bentou,  N.  H.,  Sharon,  Yt.,  Meadow  Mount,  Md.,  and  Hot  Springs,  Ark.«  are  othez 
loccdities  of  quartz  crystal.  For  other  localities,  see  the  catalogue  of  localities  in  the  lattei 
part  of  this  volume. 

BfMfC  quartz^  at  Albany  and  Paris,  Me.,  Acworth,  N.  H.,  and  elsewhere ;  gynokf/  quartz^  at 
Goshen,  Ma88.,  Richmond  Co.,  N.  Y.,  Pike's  Peak,  Colorado,  etc.  ;  amethyst^  at  Keweenaw 
Point  and  Thunder  Bay,  etc. ,  Lake  Superior ;  also  at  Bristol,  Rhode  Island,  near  Greensboro, 
K.  C.  ;  Specimen  Mountain,  Yellowstone  Park.  Crystallized  g^en  quartz,  at  Providence, 
Delaware  Co.,  Penn. ;  at  Ellenville,  N.  Y.  Chalcedony  and  agates  about  Lake  Superior,  the 
Mississippi,  and  the  streams  to  the  west,  etc.  Bed  jasper  is  found  in  pebbles  on  the  banks  of 
the  HuditoiL  at  Troy  ;  red  and  yellow,  near  Murphy^s,  CalaTertis  Co. ,  Cal.  Heliotrope  occupies 
veins  in  slate  at  Bloomingrove.  Orange  Co. ,  N.  Y. 

Several  varieties  of  tlus  species  have  long  been  employed  in  jeweliy.  The  amethynt  has 
always  been  esteemed  for  its  beauty.  Cameos  are  in  general  made  of  onyx,  which  is  well 
fitted  for  this  kind  of  miniature  sculpture.  Jasper  admits  of  a  brilliant  polish,  and  is  often 
formed  into  vases,  boxes,  knife-handles,  etc.  It  is  also  extensively  used  in  the  manufacture 
of  Florentine  mosaics.  The  camelian  is  often  rich  in  color,  but  is  too  common  to  be  much 
esteemed ;  when  first  obtained  from  the  rock  they  are  usually  gray  or  grayish-red ;  they 
receive  their  fine  colors  from  an  exposure  of  several  weeks  to  the  sun's  rays,  and  a  sabeeqaent 
heating  in  earthen  pots.  The  colors  of  agate,  when  indistinct,  may  be  brought  out  by  boil- 
ing in  oil,  and  afterward  in  sulphuric  acid ;  the  latter  carbonizes  tiie  oil  absorbed  by  the 
porous  layeib,  and  thus  increases  the  contrast  of  the  different  colors. 


TRIDTMITB.* 


Hexagonal.     1  A 1  =  124°  3'  (basal) ;  1 A 1  =  127°  35'  (terminal) ;  i  = 

1*6304  (v.  ilath).  Cleavage  O^  imperfect.  Crys- 
tals minute,  commonly  tabular  (f.  507),  formed 
by  the  prism  and  basal  plane ;  also  frequently  in 
twins  and  tiillings  with  (1)  ^,  and  (2)  f  as  the 
twinningplanes.  Double  refraction  positive. 
H.=7.  G.=2-282-2-326.  Lustre  vitreous,  on 
the  fac/e  pearly.  Colorless,  becoming  white  on  weathering.  Fracture  cou- 
choidal. 


Oomp. — Pure  silica,  or  SiOg,  like  quartz. 

PjfT. — B.B.  infusible.  Fuses  in  soda  with  effervescence,  forming  a  colorless  glass.  Soluble 
in  ar  boiling  saturated  solution  of  sodium  carbonate. 

Obs. — First  found  in  cavities  in  the  trachyte  from  Cerro  St.  Cristoval.  near  Pachucn, 
Mexico.  Also  in  the  trachyte  of  the  Siebengebirge,  and  in  related  rocks  from  many  looalitieti. 
Forming  on  one  occasion  the  mass  of  white  volcanic  ashes,  from  the  island  Vulcano.  Also 
in  microscopic  crystals  inclosed  in  opal,  and  in  quartz. 

Abmanftb  (Maskefyne). — A  third  form  of  silica,  ciystallizing  in  the  orthorhombic  system, 
'^isomorphous  with  brookite."  H.  =5*5.  G.  =2*245.  Found  in  very  minute  crystallioo 
grains,  generally  rounded,  in  the  meteoric  iron  of  Breitenbach. 


OPAL. 


Massive,  amorphous;  sometimes  small  reniform  stalactitic,  or  large 
tubei'ose.     Also  earthy. 

H.=r5-5-6*5.  G.=l'9-2-3.  Lustre  vitreous,  frequently  subvitreous ; 
often  inclining  to  resinous,  and  sometimes  to  pearly.     Color  white,  yellow. 
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red,  brown,  green,  gray,  generally  pale ;  dark  00101*8  arise  from  foreign 
Ewimixtures ;  sometimes  a  rich  play  of  colore,  or  different  colors  by  refra(5ted 
and  reflected  light.     Streak  white.     Transparent  to  nearly  opaque. 

Oomp. — SUioa,  SiOt,  as  for  quartz,  the  opal  condition  being  one  of  lower  degrees  of  liard- 
nesB  and  specific  gravity.  Water  is  asnally  present,  but  it  is  reg^ded  as  nnessentiaL  It 
varies  in  amount  from  2  to  21  p.  o. ;  or,  mosdy,  from  3-9  p.  c. 

Var 1 .  Preeiom  Opai.     Exhibits  a  play  of  delicate  colors,  or,  as  Pliny  says,  presents  Tarious 

refulgent  tints  in  succession,  reflecting  now  one  hue  and  now  another.  Seldom  larger  than  a 
hazel-nut.    Doubly  refracting  (biaxial),  Behrens. 

3.  Fire-opal,  Hyacinth-red  to  honey-yellow  colors,  with  fire-like  reflections  somewhat  irised 
on  turning. 

3.  GirasoL    Bluish-white,  translucent,  with  reddish  reflections  In  a  bright  light. 

4.  Common  Opal.  In  part  translucent ;  {a)  milk-white  to  greenish,  yellowish,  bluish ;  {b) 
HeHn-opal  (Wachsopal,  Pechopal,  Germ,),  wax-,  honey-  to  ochre-yellow,  with  a  resinona 
lustre :  (c)  dull  olive-green  and  mountain-green ;  \d)  brick-red. 

5.  UackoLong,  Opaque,  bluish- white,  porcelain- white,  pale-yellowish  or  reddish;  often 
adheres  to  the  tongue,  and  contains  a  little  alumina. 

6.  Opal-agate.    Agate-like  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

7.  Jcup'Opal.  Opal  containing  some  yellow  iron  sesquioxide  and  other  impurities,  and  hav* 
ing  the  color  of  yellow  jasper,  with  the  lustre  of  common  opal. 

8.  Wood-opal  (HolBopid,  Germ. ).     Wood  petrified  by  opal. 

9.  Hyalite,  Clear  as  glass  and  colorless,  constituting  globular  concretions,  and  also  cmstc 
with  a  globular,  renif onn,  botryoidal»  or  stalactitic  surface ;  also  passing  into  translucent, 
and  whitish. 

10.  Fiorite,  &Ueeous  Sinter,  Includes  translucent  to  opaque,  grayish,  whitish,  or  brownish 
incrustatious,  porous  to  firm  in  texture ;  sometimes  fibrous -like  or  filamentous,  and,  when  so, 
pearly  in  lustre,  formed  from  the  decomposition  of  the  siliceous  minerals  of  volcanic  rocks 
about  fumaroles,  or  from  the  silioeous  waters  of  hot  springs.  It  graduates  at  times  into 
hyalite.  Geyserite  constitutes  concretionary  deposits  about  the  Iceland  and  Yellowstone 
(pealite)  geysers,  presenting  white  or  grayish,  porous,  stalactitic,  filamentous,  cauliflower- 
like forms;  also  compact-massive,  and  scaly-massive;  H.=5;  rarely  transparent,  usually 
opaque ;  sometimes  falling  to  powder  on  drying  in  the  air. 

11.  Float-etone.  In  light  concretionary  or  tuberose  masses,  white  or  grayish,  sometimes 
cavernous,  rough  in  fracture.  So  light,  owing  to  its  spongy  texture,  as  to  float  on  water. 
The  concretions  sometimes  have  a  flint-like  nucleus. 

12.  TripoUte.  Formed  from  the  siliceous  shells  of  Diatoms  and  other  microscopic  species, 
as  first  made  known  by  Ehrenberg,  and  occurring  in  deposits,  often  many  miles  in  area,  either 
uncompacted,  or  moderately  hard.  Infueoiial  IHarth^  or  Ekirthy  TripoUte,  a  very  fine-grained 
earth  looking  often  like  an  eartny  chalk,  or  a  day,  but  harsh  to  the  feel,  and  scratching  glass 
when  rubbed  on  it. 

Pyr.,  etc. — Yields  water.  B.B.  infusible,  but  becomes  opaque.  Some  yellow  varieties, 
oontaining  iron,  turn  red. 

Obs. — Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  porphyry,  and  some 
metallic  veins.  Also  imbedded,  like  flint,  in  limestone,  and  sometimes,  like  other  quartz 
concretions,  in  argillaceous  beds ;  also  formed  from  the  siliceous  waters  of  some  hot  springs ; 
also  resulting  from  the  mere  acoamulation,  or  accumulation  and  partial  solution  and  solidifi- 
cation, of  the  siliceous  shells  of  infusoria — which  consist  essentially  of  opal-silica. 

Fredons  opal  occurs  in  Hungary ;  in  Honduras ;  and  Mexico.  JPire  opal  occurs  at  Zimapau 
in  Mexico  ;  Faroe  ;  near  Ssm  Antonio,  Honduras.  Common  opal  is  abundant  at  Telkebanya 
in  Hungary;  in  Moravia;  in  Bohemia;  Stenzelberg  in  the  Siebengebirge ;  Faroe,  Iceland; 
the  Giant's  Causeway,  at  many  localities.  In  U.  S.,  hyaUte  occurs  sparingly  in  N.  York,  at 
the  Phillips  ore  bed,  Putnam  Co. ;  in  Gkorgia,  in  Burke  and  Scriven  Cos.;  in  Washington  Co., 
good  fire  opal.     At  the  (Geysers  on  the  Fire  Hole  river,  Yellowstone  Park,  geyserlte  is  abundant. 

The  precious  opal,  when  large,  and  exhibiting  its  peculiar  play  of  colors  in  perfection,  is  a 
gem  of  high  value.     It  is  cut  with  a  convex  surface. 

Mblanophlooits  (Lasaulx). — Oooura  in  minute,  colorless,  cubes  coating  sulphur  aiystali 
from  Qirgenti,  SicUy.  Contains  SiOa  86  3  p.  c,  SOs  7 '2,  HsO  2*9  ;  chemical  nature  doiibl- 
fttl.    Tmrns  black  upon  ignition,  hence  the  name. 
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DBSOmPTiyB  MIKESALOOT. 


IL  TERNAET  OXYGEN  COMPOUNDS. 


1.  SILICATES.— A.  ANHYimOUS  SELICATEa 


a.  BiBUJOATKS.    General  Fobmula  BSiOg. 


ff 


(a)  Amphibole  Oroujp.    Pyraooene  Section. 

aNSTATITB.    Bbonzitb.    FMobMiite. 

Opttiorhombic.    7  a  7=  88°  16'  and  91°  44'  (Breiteubach  metoorite,  v. 

Lcmg)\c  :ljd  =  0-58853  : 1  03086  :  1.  Cleavage:  7, 
easy ;  t-i,  i-i,  less  so.  Sometimes  a  fibrous  appearance 
on  the  cleavage-Burface.     Also  massive  and  lamellar. 

II.=5'5.  &.=3'l-3'3.  Liisti-e  a  little  pearly  on 
cleavage-surfaces  to  vitreous  ;  often  metalloidal  in  the 
bronzite  variety.  Color  grayish-white,  yellowish-white, 
greenish-white,  to  olive-green  and  brown.  Streak  un- 
colored,  grayish.  Double  i-efraction  positive ;  optic- 
axial  plane  brachydiagonal ;  axes  veiy  divergent. 

Bamle  Norway  Oomp.,Var.—MgSi08= Silica 60, magnesia 40=  100;  aLBO(Mg,Fe) 

'  SiO,. 

Var.  1.  With  little  or  no  iron;  EnstaUte.  Color  white,  yellowish,  grayish,  or  greenioh- 
whlte;  lustre  pearly -ritreouB ;  G.  =3*10-813.  CJdadnite^  which  makes  up  90  p.  c.  of  the 
Bishopyille  meteorite,  belongs  here  and  is  the  purest  kind ;  Victarite  {Meunier),  from  the 
Deeaa  (Ghili)  meteoric  iron  is  probably  identical. 

2.  ^erriferoiis ;  BrontUe,  Color  grayish-green  to  olive-green  and  brown;  lostre  of  deav- 
age-snrface  adamantine  pearly  to  submet&llio  or  bronze-lULe.  The  ratio  of  Mg  :  Fe  yarioH 
from  11  :  1  to  3  :  1.  Analysis  of  bronzite  from  Leiperville  by  Pisani,  SiOs  67-08,  ^llOs  0  28, 
PeO  5-77,  MgO  36-59,  H,0  0-90=99-62. 

Pyr.,  etc. — B.B.  almost  infusible,  being  only  slightly  rounded  on  the  thin  edges ;  F.=6. 
Insolnble  in  hydrochloric  add. 

Difif. — Distinguished  by  its  infusibility  from  varieties  of  amphibole,  which  it  resembles. 

Obs. — Occurs  near  Aioysthal  in  Moravia;  in  the  Vosgcs;  at  Eupferberg  in  Bavaria ;  at 
Baste  in  the  Harz  {Protohustite) ;  in  the  chrysolite  bombs  in  the  Elf  el ;  in  immense  cry^als 
with  apatite,  near  Bamle,  Norway.  In  Pennsylvania,  at  Leiperville  and  Texas ;  at  Brewster, 
N.  Y.     Bronzite  is  quite  common  in  meteorites. 

DesCloizeauz  first  defined  the  limits  of  this  species,  as  here  laid  down. 

Named  from  "tytrrdn/isy  an  opponent^  because  so  refractory.  The  name  Inwmte  has  priority, 
but  a  bronse  lustre  is  not  essential,  and  is  far  from  univenud. 


B7PBR8THBNB. 


Orthorhombic.  /A  7=  91°  32J,  DesOloizeaux  (Mt.  Dor6);  91°  40' 
T,  Bath  {amblyategite).  Cleavage :  i-i  perfect,  /  and  i-i  distinct  but  inter 
mpted.     Usually  foliated  massive. 

H.=5-6.     G.=3*392.    Lustre  somewhat  pearly  on  a  cleavage-surface, 
and  sometimes  a  little  metalloidal ;  often  with  a  peculiar  iridescence  due 


OXYGEN   COMPOUNDS — ANHTDB0TJ8  SILICATES. 


291 


(o  the  presence  of  minnte  enclosed  tabular  crystals  (brookite?)  in  parallel 

position  (KosmannV     Color  dark  brownish-green,  graj^- 

ish-black,    greenisn- black,    pinchbeck-brown.      Streak  509 

rayish,  brownish-gray.     Translucent  to  nearly  opaque. 

rittle.     Optic-axial  plaue  brachydiagonal ;  axes  very 
divergent;  bisectrix  negative. 


s 


Oomp.— (Hg,Fe)SiOs  with  Pe  :  Mg-l  :  5,  1:8,  ete.  If  Fo  to 
Kg=l  :  2  the  formnU  requires  StOa  54-3,  FeO  21*7,  MgO  24-1  =  100. 

Psn^.,  etc. — B.B.  fuses  to  a  black  enamel,  and  on  charcoal  yields  a 
magnetio  mass.     Partially  decomposed  by  hydrochloric  acid. 

Ob*. — Hypersthene  occurs  at  Isle  St.  Paul,  Labrador  in  Canada ; 
at  the  Isle  of  Skye ;  in  Greenland :  Norway ;  Bonsberpr  in  Bohemia  ; 
the  l^rrol ;  Elfdalen  in  Sweden ;  Laacher  See  {timblyittegite, ;  Voigt- 
land ;  in  trachyte  of  Mt.  Dor6,  Auvergne. 

In  chemical  composition,  enstatiU  (and  bromitey,  and  hf/persfhene 
belong  together,  since  they  grade  insensibly  into  each  other ;  and  in 
crystalline  form  they  are  identical.     The  essential  difference  between 
them,  according  to  DesGloiseaux,  lies  in  the  axial  dispersion  which 
flottatite,  and  p  >  v  for  hypersthene. 

DiACLAfiiTB. — Near  bromdte ;  differs  in  optical  characters.     Q/[g^Fe 
Guadarrama,  Spain. 


tt 


if 


Mt.  Dori. 


is  uniformly/  p  <  vfoi 
,Ga)SiOa.     Harzbnrg; 


WOLLASTONTTB.    Tabolar  Spar.     Tafelspath,  Geitn, 

Monoclinic.  0=  69°  48',  /  A  /  =  87^  28',  O  A  24  =  137°  48' ;  c  :  J  :  d 
r=  0*4338  :  0*89789  :  1.  Fig.  610  in  the  pyroxene  or  normal  position,  but 
wi*^^^  the  edge  0/i-i  the  obtnse  edge  ;  f.  511  in  the  position  given  the  crys- 
tals ij\  anthors  who  make  i-i  the  plane  O,  and  2-i  the  plane  /.  Oh  —  l-« 
=  160^  30',  O A l-i  =  154"  25',  i-ih-^^  132°  54',  i-iA2=z  93°  52'. 
Rarely  in  distinct  tabular  crystals.  Cleavage:  O  most  distinct;  i-i  less 
BO ;  1-i  and  — 14  in  traces.  Twins :  twinning-plane  i4.  Usually  cleav- 
able  massive,  with  the  surface  appearing  long  fibrous,  fibres  parallel  or 
reticulated,  rather  strongly  coherent. 


610 


611 


H.=4'5-5.  G.=2'78-2'9.  Lustre  vitreous,  inclining  to  pearly  upon 
the  faces  of  perfect  cleavage.  Color  white,  inclining  to  gray,  yellow,  red, 
or  brown.  Streak  white.  Subtrajisparent — translucent.  Fracture  uneven, 
sometimes  -ery  tough.  Optic-axial  plane  i-i ;  divergence  70®  40'  for  the 
red  rays  ;  bisectrix  of  the  acute  angle  negative ;  inclined  to  a  noi'mal  to  i-i 
67°  48',  and  to  a  normal  to  O  12°,  DesCI. 
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Oomp GaSiO.=8i]i€a  51  %  Ume  48*3=100. 

P3rr.,  etc. — In  the  xnatrass  no  change.  B.B.  fuses  easily  on  the  edges*  with  some  soda,  a 
blebbj  glass,  with  more,  swells  up  and  is  infusible.  With  hydroohlorio acid  gelatinises ;  most 
varieties  effervesce  slightly  from  the  presence  of  calcite. 

Di£L — Differs  from  asbestus,  and  tremolite  in  forming  a  jelly  with  adds,  as  also  by  its  more 
ritreouB  fracture  ;  fuses  less  readily  than  natrolite  and  scolecite ;  when  pure  does  not  effer- 
vesce  with  acids  like  the  carbonates. 

Obs. — WoUastonite  is  found  in  regions  of  granite  and  granular  limestone ;  also  in  basaJt  and 
lavas.  Occurs  in  Hungary;  in  Finland;  and  iu  Norway;  at  Gockum  in  Sweden;  iu  the 
Harz ;  at  Auerbach,  in  granular  limestone ;  at  Vesuvius.  In  the  U.  S.,  in  If.  Tork^  at  Wills- 
borough  ;  at  Lewis ;  Diana,  Lewis  Go.  In  Penn.y  Bucks  Co.  At  ijie  Cliff  Mine,  Keweenaw 
Pointy  Lake  Superior.    In  Oanada^  at  Grenville. 


MonocHnic.  C  =  78<»  69',  /A  /  =  87°  5',  <?  A  24  =  131°  17' ;  (5 :  J  :  d 
=  0-6412  :  0-91346  : 1.  (9  A  /=  100°  67',  (9  A  -  1-i  =  155°  61',  0^  14 
=  148°  35',  Oa -1  =  146°  9',  (9a1  =  137°  49',  -1 A -1  =  131°  24'. 
Cleavage :  /  rather  perfect,  often  interrupted ;  i-i  Bometimes  nearly  per- 
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feet ;  ir\  imperfect ;  0  sometimes  easy.     Crystals  usually  thick  and  stout. 

Twins:  twinning-plane t-i  (f. 521).     Often  coai-se  lamellar, in  large  masses, 

parallel  to  O  or  i-i.    Also  granular,  particles  coarse  or  iine ;  and  fibrous, 

fibres  often  fine  and  long. 

H.=5-6.  a=3-23-3-5.  Lustre 
vitreous,  inclining  to  resinous ; 
some  pearly.  Color  green  of 
various  shades,  verging  on  one 
side  to  white  or  grayish- white, 
and  on  the  other  to  brown  and 
black.  Streak  white  to  gray  and 
grayish-green.  Transpaient  — 
opaque.  Fracture  conchoidal — 
uneven.  Brittle.  In  crystals 
from  Fassa,  optic-axial  plane  t4; 
divergence  110°  to  113° ;  bisec- 
trix of  the  acute  angle  positive, 

Inclined  61°  6'  to  a  normal  to  i4  and  22°  55'  to  a  normal  to  0,  DesCl. 
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Oomp.,  Var.— A  liudlicate,  haying  the  general  formula  BSiOt,  where  E  may  be  Ga,Hg, 
Fe,Mn,  BOinetimeB  also  Zn^Kai^Nat.  Usnidly  tiwo  or  more  of  these  bases  are  present.  The 
first  three  are  most  common ;  bat  caloi  xm  is  the  oxUy  one  that  is  present  always  and  in  large 
percentage.  Besides  the  sabstitutions  of  the  above  bases  for  one  another,  these  same  bases 
are  at  times  replaced  by  ^IfFe^Mn,  though  sparingly,  and  the  silicon  occasionally  by  alumi- 
num. 

The  Tarieties  proceeding  from  these  isomorphous  substitutions  are  many  and  diverse  ;  and 
there  are  still  others  depending  on  the  state  of  crystallization.  The  foliated  and  fibrous 
kinds  early  received  separate  names,  and  for  a  while  were  regarded  as  distinct  species.  Fibrous 
or  columnar  forms  are  very  much  less  common  than  in  hornblende,  and  lamellar  or  foliated 
kinds  more  common.     The  crystals  are  rarely  long  and  slender,  or  bladed,  like  those  of  that 

species. 

The  most  prominent  division  of  the  species  is  into  (A)  the  non-aluminotu  ;  (B)  the  dbimir 
tunu.  But  ^e  former  of  these  groups  shades  imperceptibly  into  the  latter.  These  two  groups 
are  generally  subdivided  according  to  the  prevalence  of  the  different  protoxide  elements. 
Yet  here,  also,  the  gradation  from  one  series  to  another  is  in  general  by  almost  insensible 
shades  as  to  compositiQn  and  chemical  characters,  as  well  as  all  physioal  qualities. 

L  Containing  littlb  ob  no  Aluuina. 

1.  Lime'Magnesia  Pj/rcxene;  Malacolite.  Diopside,  Alalite,  White  Goocolite.  Color 
white,  yellowifili,  grayish- white  to  pale  green.  In  crystals :  uleavable  and  granular  massive. 
Sometimes  transparent  and  colorless.  G.  =8  '2-3 IJS.  Formula,  OaMgSi30e= Silica  55  "6,  mag- 
nesia 18*5,  lime  25*9.     Sometimes  Ca  :  Mg=:l :  2  ;  less  than  4  p.  c.  of  iron  are  present. 

2.  Lime-Magnesia- Iron  Pyn/xei^  ;  Sahlitb.  Color  grayish-green  to  deep  green  and  black ; 
sometimes  grayish  and  yellowish- white.  In  crystals  ;  also  deavable  and  granular  massive 
G.  =8 '25-8*4.  Named  from  Sala  in  Sweden,  one  of  its  localities,  where  the  mineral  occurs 
in  masses  of  a  grayish-green  color,  having  a  perfect  cleavage  parallel  to  the  basal  plane  (0). 
Formula  (Ca,Mg,Fe)SiOa.  The  ratio  of  Ca  :  Mg  :  Fe  varies  much,  =8  :  8  :  1,  2  :  2  :  l,etc.  The 
ratio=4  :  8  :  1,  corresponds  to  silica  58*7,  magnesia  18  4.  lime  24*9,  iron  protoxide  8 '0=100. 

DiALLAOB.  Part  of  the  so-called  diaUage^  or  thin  foliated  pyroxene,  belongs  here,  and  the 
rest  under  the  corresponding  division  of  the  aluminous  pyroxenes.  Color  grayish -green  to 
bright  grass-green,  and  deep  green;  lustre  of  cleavage  surface  pearly,  sometimes  metalloidol 
or  brassy.  H.=:4.  G.=8'2-8'85.  Composition  near  the  preceding ;  analysis  by  vom  Rath, 
Neurode,  SiO,  53 '60,  lUOt  1-99,  FeO  8*95,  MnO  028,  MgO  1808,  CaO  21  OO,  H.O  0'80=99'82, 
With  this  variety  belongs  part  also  of  what  has  been  called  h^persthene  and  hraiuite — the  part 
that  is  easily  fusible.  Common  especially  in  serpentine  rocks.  Named  from  diaKMtyi]^  dif" 
ference,  in  allusion  to  the  dissimilar  cleavages. 

8.  Iran-Lime  Pyroxene,  Hedenbeboite.  Color  black.  In  crjrstals,  and  also  lamellar 
massive  ;  cleavage  easy  parallel  to  i-i.  G.  =8  5-8 '58.  Formula  CaFeSiaOe  (Mg  being  absent) 
= Silica  4889,  lime  2218,  iron  protoxide  29-48=100.  Asteroite  is  a  similar  pyroxene  con- 
taining also  Mn  (leelstrom),  Sweden. 

4.  Lime»Iron-Maaganeiie-Zinc  Pyroxene  ;  Jeffersonite.  Color  greenish-black.  Crystals 
often  very  large  (8-4  in.  thick),  with  the  angles  generally  rounded,  and  the  faces  uneven,  as 
if  corroded.  G.=8'8«.  Analysis,  Franklin,  N.  J.,  by  Pisani,  SiO*  45-95,  AlOj  0*85,  FeO 
8-91,  MnO  10-20,  ZnO  1015,  CaO  21-55,  MgO  8-61,  ign  0'85=101-57. 

IL  Aluminous. 

AkunidMAU  lAme-MayMsia  Pyroxene;  Lbucaugitb  {Dana),  Color  white  or  grayish. 
Analysis,  Bathurst,  C,  by  Hunt,  SiOj  51*50,  AlO.  0-15,  FeO.  0*85,  MgO  17  C9,  CaO  2880 
HsO  110=100-59.    Looks  like  diopside.     H.=G'5.     G.=8*19.     Hunt     Named  from  Arvxor, 

tohUe. 

Aluminous  Ume-Magneaia'Iron  Pyroxene;  Fassaitb,  Auoitb.  Color  clear  deep-green  to 
g^enish-black  and  black ;  in  crystals,  and  aUo  massive ;  subtranslaoent  to  opaque.  G. 
=3*25-3-5.  Contains  iron,  with  calcium  and  magnesium,  also  aluminum.  Analysis  of  augite 
from  Montreal  by  Hunt,  SiOa  40'40,  rVlO,  6  70,  ireOj  7-83,  MgO  18«00,  CaO  21  -88,  Na.O  074, 
H,0  0-50=100-11. 

a.  Fassaitd  (or  Pyrgom).  Includes  the  green  kinds  found  in  metamorphic  rocks.  Named 
'from  the  locality  at  Fassa  in  Piedmont,  which  affords  deep-green  crystals,  sometimes  pistachio- 
green,  like  the  epidote  of  the  locality. 

b.  Augite.  Includes  the  greenish  or  brownish-black  and  black  kinds,  occurring  mostly  in 
eruptive  rocks,  but  also  in  metamorphic.     Named  from  av/7,  luttre. 


294  DESCBIPTiyE  HnCBBALOOT. 

PS^r.,  6tc. — Vaiyijig  widely,  ovnng  to  the  wide  variationa  in  composition  in  the  different 
rarietias,  and  often  by  insensible  gradations.  Fusibility,  from  the  almost  infusible  dialh^re 
to  8*75  in  diopside ;  8'5  in  sahlite ;  8  in  jeffersonite  and  augite ;  2*5  in  hedenbergite.  Va* 
rieties  rich  in  iron  afford  a  magnetic  globule  when  fused  on  charcoal,  and  in  general  theii 
fusibility  vanes  with  the  amount  of  iron.  Jeffersonite  gives  with  soda  on  charcoal  a  reaction 
for  zinc  and  manganese ;  many  others  also  give  with  the  fluxes  reactions  for  manganese.  Most 
rarieties  are  unacted  upon  by  adds. 

Diff.— See  Amphibole,  p.  297. 

Obs. — Pyroxene  is  a  common  mineral  in  crystalline  limestone  and  dolomite,  in  serpentine, 
and  in  volcanic  rocks ;  and  occurs  also,  buc  less  abundantly,  in  connection  with  granitic  rocks 
and  metamorphic  schista  The  pyroxene  of  limestone  is  mostly  the  white  and  light-green  or 
gray  varieties;  that  of  most  other  metamorphic  rock,  sometimes  white  or  colorless,  but 
usually  green  of  different  shades,  from  pale  green  to  greenish-black,  and  occasionally  black ; 
that  of  serpentine  is  Bometimes  in  fine  crystals,  but  often  of  the  foliated  green  kind  called 
diaUage;  that  of  eruptive  rooks  is  the  black  to  greenish-black  avgite. 

Prominent  foreign  localities  are :  maiacoUte  (diopMe)^  Traversellii,  Ala  in  Piedmont;  Sala, 
Tunaberg.  Sweden ;  Pargas ;  Aohmatovsk ;  etc.  SaJdit^^  Sala ;  Arendal ;  Degeroe ;  Schwarzen- 
berg ;  etc.  Hedenbergite,  Tunaberg ;  Arendal  Augite^  Fussathal ;  Vesuvius;  etc. — in  moat 
doilecytio  igneous  rooks. 

In  N.  America  common  (see  list  of  localities  at  the  close  of  the  volume).  Some  localitiei 
are :  In  Mrtas.,  at  the  Bolton  quarries.  In  Conn.^  at  Canaan.  In  N,  York^  at  Warwick,  Mon- 
roe, Edenville,  Diana.  In  N.  Jertey^  in  Franklin.  In  Peni^^  near  Attleboro'.  In  CaiMda^ 
at  Bytown,  at  Calumet  I.,  at  Greniolle. 

ACMlTic. — Monodinia     In  slender  pointed  crystals  (hence  name)  in  quartz.     H.=6.     G.=r 
8*2-8*58.    Color  brownish  to  reddish-brown,  in  the  fracture  blackish-grecu.    Opaque.    Frac- 
ture uneven.     Brittle.     ltSiOa,B=^ch,Fe,  or  Fe(Fe=8R);  analysis  by  Bammelsberg,  SiO* 
61-86,  FeO,  2828,  FeO  5*28,  MnO  0*69,  Na,0  12  46,  K.O  0  43,  TiO  111,  ign  0-39 =100  25 
Eongsberg,  Norway. 

2BQIBITB. — ^Near  pyroxene  in  form,  but  contains  alkalies.  H.=/3*5-0.  G.  =8 '45-43*58. 
Color  greenish-black.  Subtranslucent  to  opaque.  Analysis  Ramm.,  Brevig,  SiO*  50*25,  AlOs 
1-22,  FeO,  2207,  FeO  8*80,  MnO  1*40,  CaO  5*47,  MgO  1*28,  Na.O  9  29,  K,0  0  94=100*72. 
AIbo  from  Magnet  Cove,  Arkansas. 


RHODONITB. 

Triclinic,  but  approximately  isomorplious  with  pyroxene.     Cleavage :  I 

perfect;   O  less  perfect.     Usually  massive. 
fi«2  H.=5-5-6*5.    G.=3*4-3-68.    Lustre  vitreous.    Color 

light  brt)wiiish-i"cd,  flesli-red,  sometimes  greenish  or 
yellowish,  when  impure ;  often  black  outside  from  ex- 
posui'e.  Streak  white.  Transparent — opaque.  Frac- 
ture conchoidal — uneven.     Very  tough  when  massive. 

Oomp.,  Var. — MnSi0s= Silica  45*0,  manganese  protoxide  54 '1= 
100.  Usoallj  some  Fe  and  Ca,  and  ocoasionaUy  Zn  replace  part  of  the 
Mn.  Ordinary,  (a)  Crystallized.  Either  in  crystals  or  foliated. 
The  ore  in  crystals  from  Paisberg,  Sweden,  was  named  Favtbergite 
under  the  idea  that  it  was  a  distinct  species,  {b)  Granular  massive. 
Caleifercms;  Bustamitb.  Contains  9  to  15  p.  u.  of  lime  replacing 
part  of  the  manganese.  Often  also  impure  from  the  presence  of  cal- 
oium  carbonate,  which  suggests  that  part  of  the  lime  replacing  the  manganese  may  have  come 
from  partial  alteration.  Grayish-red.  S^nciferoun  ;  Fowleuits.  In  crystals  and  foliated, 
the  latter  looking  much  like  deavable  red  feldspar ;  the  crystals  sometimes  half  an  inch  to  an 
inch  through,     l^  7=86'  80',  Torrey.     G.=3-44,  Thomson. 

P3rr.,  etc. — B.B.  blackens  and  fuses  with  slight  intumescence  at  2'5  ;  with  the  fluxes  gives 
reactions  for  manganese ;  fowlerite  gives  with  soda  on  charcoal  a  reaction  for  zinc  Sligblly 
acted  upon  by  acids.  The  calciferous  varieties  often  effervesce  from  m'  chanical  aduiix- 
tore  with  calcium  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  ac.d.  and  the  iu 
soluble  part  becomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  sometimes 
becomes  nearly  black. 
Oba. — Oocurs  at  Longban,  near  Philipstadt  in  Sweden ;  also  in  the  Harz ;  in  the  dlstnot  of 
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ITathermexibeiflr  in  the  Ural ;  in  Cornwall,  eta  Oocon  in  Warwiok,  Haas. ;  Bine  Hill  Bay, 
Maine  ;  near  Hinadale,  N.  H.  ^  fowleriU  (keaUngine)  at  Hambnig  and  Sterling,  New  Jersey. 

Named  from  pS^ov^  a  rase,  in  allnsion  to  the  color. 

Babinqtokite.— Tridinia  9BSiOs+FeSi.OB.  with  B=Fe(Mn) :  Ga(Mg)=i2  :  8  (Ramm.). 
Analysis,  Bammekberg,  SiO,  5122,  FeO.  1100,  FeO  10*26,  MnO  7*91,  MgO  0*77,  GaO 
19*32,  ign=0 '44= 1C0*92.    Color  greenish-black.    Arendal;  Nassau;  Devonshire;  Bayeno. 


8PODUMXINXI.* 

Monoclinic.      0=69''  40'  7a/=87°,    0  A  24  =  130^  30'.      Cryatali 
large.    Cleavage:  i-i  very  perfect;  /  also  perfect; 
14  in  trnccs ;  in  strise  on  trl.    Twins :  twinning- plane  533 

i-i.    Also  massive,  with  bi'oad  cleavage  surface. 

H. = 6-5-7.  Q. = 3- 1 3-3-19.  Lustre  pearly.  Cross 
fracture  vitreous.  Color  grayish-green,  passing  into 
greenish-white  andgrayish-white,  rarely  faint-i-eddish. 
Streak  uncolored.  Translucent — subtranslucent.  Frac- 
ture uneven. 

Oomp — 8BSiOt+4AlSii09 ;  B=Lis  mostly.  Silica  64  2,  alu- 
mina 29-4,  Uthia  6*4=100.   Sometimes  Li :  Na(K)=20  :  1,  Ramm. 

Pyr.,  etc. — ^B.B.  becomes  white  and  opaque,  swells  up,  imparts 
a  purple  red  color  (lithia)  to  the  flame,  and  fuses  at  8  6  to  a  dear 
or  white  glass.  The  powdered  mineral,  fused  with  a  mixture  of 
potassium  bisulphate  and  fluor  on  platinum  wire,  gives  a  more  in- 
tense lithla  reaction.     Not  acted  upon  by  acids. 

Diff. — Distinguished  by  its  perfect  orthodiagonal.  as  weU  as 
piismatic,  cleavage ;  has  a  higher  specific  gravity  and  more  pearly 
lustie  than  feldspar  .or  scapolite.     Gives  a  red  flame  B.B. 

Obj. — Occurs  on  the  island  of  ITto,  Sweden ;  near  Sterzing  and 
Lisons  in  the  Tyrol ;  at  Killiney  Bay,  near  Dublin,  and  at  Peterhead  in  Scotland.    At  Qoshen, 
Moss.  ;  also  at  Chesterfield  and  Norwich,  Mast*. ;  at  Windham,  Maine ;  at  Winchester,  N.  H. ; 
at  Brookfield,  Ct. 

PKTALiTE.-^Li,Sia0.4-4AlSi«0,.=Sinca  7797,  alumina  17-79,  lithia  3-57,  soda  0-67= 
100.  Bamm.  Q.  racio  Li  :  iVl  :  Si=l  :  4  :  20,  or  for  bases  to  silicon =1  :  4.  H.  =6-6*5.  Ck 
«=2*S.     Colorless;  white.    Uto,  Sweden,  Elbix  {castarite) ;  Bolton,  Mass. 


Norwidhf  Mass. 


Amj>hibole  Section. 


ANTHOPHTLIilTB. 

Orthorhombic.  I\I=  125®  to  125^  25'.  Cleavage:  i4  perfect,  /  lesfl 
so,  i-i  difficult.  Commonly  lamellar,  or  fibrous  massive ;  fibres  often  very 
blender. 

H.=5'5.  Q.=3'l-3'2.  Lustre  somewhat  pearly  upon  a  cleavage  sur- 
face. Color  brownish-gray,  yellowish-brown,  brownish-green,  sonietimoa 
Bubmetallic.  Streak  uncolored  or  grayish.  Translucent  to  subtmnslucent 
Biittlc.  Double  refraction  positive;  opti'*al  axes  in  the  brachydiagonal 
section. 
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Oomp.^(Fe,Mg)SiOs,  Fe  :  lig=l  :  8=:SiUca  55*5,  Timgnftma  37*8,  iron  piotozide  19*7=2 
100. 

Pyr.,  etc. — B.B.  fuses  with  g^^at  difficulty  to  a  black  magnetlo  enamel;  with  the  fluMi 
gives  reactions  for  iron ;  nnacted  upon  by  acids. 

Ob«. — Occurs  near  Kongsberg  in  Norway,  and  near  Modom.  Also  at  Hermannsdhlag, 
Moravia. 

Anthophyllite  bears  the  same  relation  to  the  Amphibole  Group  that  enstatite  and  hyper- 
sthene  do  to  the  Pyroxene  Group. 

KuPFFKRiTK.— Probably  MgSiOa,  with  a  little  Fe.  i  A  7=124*  80',  hence  an  ensUUUe-Iufm' 
tiende.  Color  emerald-green  (chrome).  Tunkinsk  Mts. ,  Miask.  Analysis  of  a  similar  min- 
eral from  Perth,  Canada,  Thomson,  SiOa  57-60,  MOt  8'20,  FeO  210,  MgO  2980,  GaO  8-65. 
igo.  8-55=99  80. 


AMPHIBOLE.*  HOBKBLSNDB. 

Monoclinic.  (7=  75«  2',  I A  /=  124^  30',  <?  Al-i  =  164^  10\  c:l:d 
=0-5527  :  1*8825  : 1.  Crystals  sometimes  stout,  often  long  and  bladed. 
Cleavage :  /  highly  perfect ;  i-i,  i-i  sometimes  distinct.  Lateral  planes 
often  longitudinally  striated.  Twins:  twinning-plane  i-i,  as  in  f.  527  (simple 
form  f.  526),  and  530.  Imperfect  crystallizations :  fibrous  or  columnar, 
coarse  or  nne,  fibres  often  like  flax ;  sometimes  lamellar ;  also  granular 
massive,  coarse  or  fine,  and  usually  strongly  coherent,  but  sometimes 
Eriable. 
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H.=5-6.  G.=2*9-3'4.  Lustre  vitreous  to  pearly  on  cleavage-faces; 
fibrous  varieties  often  silky.  Color  between  blacK  and  white,  through  vari- 
ous shades  of  green,  inclining  to  blackish-green.  Streak  uncolored,  or  paler 
than  color.  Sometimes  nearly  transparent ;  usually  subtranslucent — opaque. 
Fracture  subconchoidal,  uneven,  liisectrix,  in  most  varieties,  inclined  about 
60°  to  a  normal  to  O,  and  15°  to  a  normal  to  i-i]  and  double  refraction 
negative. 


Oomp.,  Var. — General  formnla  RSid,  as  for  pyroxene.  Alnminum  is  present  in  mobt 
amphibole,  and  when  so  it  usually  replaces  silicon.  R  may  correspond  to  two  or  more  of  the 
basio  elements  ]tfg,Ga,Fe,Mn,Na9,E9,H-i;  and  B  to  t^I,  Fe  or  Mn.  Fe  sometimes  replaoei 
■ilioon,  like  AL  Much  amphibole,  especially  the  aluminous,  contains  some  fluorine.  The  base 
calcium  is  absent  from  some  varieties,  or  nearly  so. 

The  varieties  of  amphibole  are  as  numerous  as  those  of  pyroxene,  and  for  the  same  teaaoDB; 
and  they  lead  in  general  to  similar  sabdi visions. 
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T.   OONTAmiNO    LITTLB    OB    IfO    ALUMIIIA. 

Magnetia'SAme  Amphibole ;  Tremolitb.  Grammatite.  Ooloza  white  to  dark-gray,  la 
difltinot  orystalB,  either  long  bladed  or  short  and  stout ;  long  and  thin  columnar,  or  fibrous ; 
also  compact  granular  massiye.  i A  7^124''  80^  H.  =5*0-6-5.  6.  =2  9-3*1.  Sometimes 
transparent  and  colorless.  Contains  magnesia  and  lime  with  little  or  no  iron  ;  formula  (Ca, 
Mg)SiO„  Ga  :  Mg=l  :  8=:Sillca  57*70,  magnesia  28*85,  lime  13*a5=:100.  Named  TremolUeby 
Pini,  from  the  locality  at  Tremola  in  Switzerland. 

Nephrite. — In  part  a  tough,  compact,  fine  grained  tremolite,  having  a  tinge  of  green  oz 
blue,  and  breaking  with  a  splintery  fracture  and  glistening  lustre.  H.  =6-6 '5.  G.  =2*96-3*1. 
Named  from  a  supposed  efftcaqy  in  diseases  of  the  kidney,  from  ve<pp6Cj  kidney.  It  oocuxi 
usually  associated  with  talcose  or  niagnesian  rooks.  Nephrite  or  jade  was  brought  in  the 
form  of  carved  ornaments  from  Mexico  or  Peru  soon  after  the  discovery  of  America.  A  simi- 
lar stone  comes  from  China  and  New  Zealand. 

A  nephrite-like  mineral,  called  boweaite^  from  Smithfield,  B.  I.,  having  the  hardness  5*5  ia 
serpentine  in  composition.  The  jade  of  de  Saussure  is  the  aausturite  (see  under  Zoibite) 
of  the  younger  de  Saussure.  Another  aluminous  jade  has  been  called  jadeite  (q.  v.)  by 
Damour. 

Mag^nesiorLime-Iron  AmpMboU;  Actinolite.  Strahlstein,  Germ.  Color  bright-green 
and  grayish-green.  In  crystals,  either  short  or  long-bladed,  as  in  tremolite ;  columnar  or 
fibrous;  granular  massive.  G.  =8-3*2.  Sometimes  transparent.  Contains  magnesia  and 
lime,  with  some  iron  protoxide,  but  seldom  more  than  6  p.  c. ;  formula  (Ca,])i1^,Fe)SiOs. 
The  variety  in  long  bright-green  crystals  is  called  glassy  actinoUte  ;  the  crystals  break  easily 
across  the  prism.  The  fibrous  and  radiated  kinds  are  often  called  asbeatiform  aetiTiolite  and 
radiated  aotinoUte.    Actinolite  owes  its  green  color  to  the  iron  present. 

Iron-Magnesia  Amphibole  ;  Cumminotonite.  Color  gray  to  brown.  Usually  fibrous  or 
fibro-lamellar,  often  radiated.  G.  =8 '1-3 '32.  Contains  much  iron,  with  some  magnesia,  and 
little  or  no  lime.     Formula  (Fe,Mg)SiOt.     Named  from  the  locality,  Cummington,  Mass. 

AsBESTUS.  Tremolite,  acrtinolite,  and  other  varieties  of  amphibole,  excepting  those  con- 
taining much  alumina,  pass  into  fibrous  varieties,  the  fibres  of  which  are  sometimes  very 
long,  fine,  tiexible,  and  easily  separable  by  the  fingers,  and  look  like  flax.  These  kinds,  like 
the  corresponding  of  pyroxene,  are  called  asbestus  (fr.  the  Greek  for  inoonibu^tible).  The 
colors  vary  from  white  to  green  and  wood-brown.  The  name  amiantfiua  is  now  applied  usu- 
ally to  the  finer  and  more  silky  kinds.  Mach  that  is  so  called  is  chrysotUe^  or  fibrous  serpen- 
tine, it  containing  12  to  14  p.  a  of  water.  Mountain  leat/ier  is  a  kind  in  thin  flexible  sheets, 
made  of  interlaced  fibres ;  and  mountain  cork  (Bergkork)  the  same  in  thicker  pieces ;  both 
are  so  light  as  to  float  on  water,  and  they  are  often  hydrous.  Mountain  wood  (Beigholz, 
Holzasbei^,  Get^m  )  is  compact  fibrous,  and  gray  to  brown  in  oolor,  looking  a  little  like  dry 
wood. 


XL   ALITtflNOUS. 

Aluminous  Magnesia- Lims  Amphibole,  (a)  Edenite.  Color  white  to  gray  and  pale-green, 
and  also  oolorless ;  G.  =3  0-3*059,  Kamm.  Resembles  anthophyllite  and  tremolite.  Named 
from  the  locality  at  Edenville,  N.  Y.  (for  analysis,  see  below.)  To  this  variety  belong  various 
pale-colored  amphiboles,  having  less  than  five  p.  c.  of  oxide  of  iron. 

(b)  Smaraouite  Saussure,  A  thin -foliated  variety,  of  a  light  grass-green  color,  resembling 
much  common  green  diallage.  According  to  Boulanger  it  is  an  aluminous  magnes'a-lime 
amphibole,  containing  less  than  3i  p.  c.  iron  protoxide,  and  is  hence  related  to  edenite  and 
the  light  green  Pargas  mineral.  DesCloizeaux  observes  that  it  has  the  cleavage,  and  appar- 
ently the  optical  characters,  of  amphibole.  H.=5;  G.=3.  It  forms,  along  with  whitish  or 
gree!nish  sanssurite,  a  rock. 

Aluminous  Magnesia- Lime- Iron  Amphibole.  [a)  Pargasite;  (b)  Hormbt.endb.  Colors 
bright,  dark,  green,  and  bluish -green  to  grayish-black  and  b'ack.  /a/=124**  1-1 2*1^  20'; 
G.  =3  05-3 '47.  Pargasite  is  usually  made  to  include  green  and  bluish -green  kinds,  occurring 
in  stout  lustrous  crystals,  or  granular;  and  hoitiMende  the  greenish-black  and  black  kinds, 
whether  in  stout  crystals  or  long  bladed,  columnar,  fibrous,  or  massive  granular.  But  no 
line  can  be  drawn  between  them.  Pargasite  occurs  at  Pargas,  Finland,  in  bluish-green  and 
grayish-black  crystals. 

Composition  shown  by  the  following  analyses  by  Bammelsberg;  (1)  from  Edenville;  (8) 
Wolfaburg,  Bohemia ;  (3)  Brevig. 
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SiO,  AlO,  FeO,  FeO  MnO  MgO  CaO  Na.O  E9O        RiOiign) 

(1)  51-67  5-75  2-86      23-87  12-42  075  0  84  0'46=.98-19 

(2)  41-98  14-31  6-81  718  1406  12-55  1*64  154  0-26=«9-10 

(8)     43-28"  6-81  662  2172  1-13  8-62  9  68  814  265  0  48=98  68 

•  With  l-Ol  TiO,. 

P3rr«i  etc. — The  obeervationB  nnder  pyroxene  apply  also  to  this  species,  it  being  impossibli 
to  distingnish  the  varieties  by  blowpipe  characters  alone. 

DIff. — Distinguished  from  pyroxene  (and  tourmaline)  by  its  distinct  prismatic  cleavage, 
yielding  an  angle  of  124°.  Also  in  colored  varieties  by  its  <Uchroism,  when  examined  in  thin 
sections.  Fibrous  and  columnar  forms  are  much  more  common  than  with  pyroxene,  lamellaz 
and  foliated  forms  rare.  Crystals  often  long,  slender,  or  bladed.  Differs  from  the  fibrous 
Eeolites  in  not  gelatinizing  with  acids. 

laomorphous  and  Ditnorphous  relations  to  Pyroxene. — The  analogy  in  composition  between 
pyroxene  and  hornblende  has  been  abundantly  illustrated.  They  have  the  same  general 
formula ;  and  under  this  formula  there  is  but  one  difference  of  any  importance,  viz. ,  that 
lime  is  a  prominent  ingredient  in  aU  the  varieties  of  pyroxene,  while  it  is  wanting,  or  nearly 
90,  in  some  of  those  of  hornblende.  The  analogy  between  the  two  species  in  crystallization, 
or  their  essential  isomorphism,  was  pointed  out  by  G.  Rose  in  1881,  who  showed  that  the 
forms  of  both  were  referable  to  one  and  the  same  fundamental  form.  The  prism  /  of  horn- 
blende corresponds  in  angle  to  i-2  of  pyroxene.  Calculating  from  the  angle  /A  /in  pyroxene, 
87''  5',  the  angle  of  i-2  is  precisely  124 -^  80 ,  or  the  angle  /A  /in  hornblende.  But  while  tiius 
isomorphous  in  axial  relations  or  form,  they  are  also  dimorp/ums.  For  (1)  the  cleavage  in 
pyroxene  is  parallel  to  the  prism  of  87*^  5',  and  in  hornblende  to  that  of  124^**.  (2)  The  occur- 
ring secondary  planes  of  the  latter  are  In  general  diverse  from  those  of  the  former,  so  that  the 
crystals  differ  strikingly  in  habit  or  system  of  modifications.  Moreover,  in  pyroxene  colum- 
nar and  fine  fibrous  forms  are  uncommon ;  in  hornblende,  exceedingly  common.  (8)  The 
several  chemical  compounds  under  pyroxene  have  one-tenth  higher  specific  gravity  than  the 
corresponding  ones  under  hornblende. 

Yom  Rath  has  described  the  occurrence  of  minute  crystals  of  hornblende  in  parallel  posi- 
tion upon  crystals  of  pyroxene  (Vesuvius),  and  in  consequence  of  the  relation  between  the  two 
forms,  thus  brought  out,  suggests  a  change  in  the  commonly  accepted  fundamental  form  of 
the  latter.  (Jahrb.  Min.,  1876.)  This  association  of  crystals  of  the  two  species  in  parallel 
position  is  not  uncommon. 

Obs. — Amphibole  occurs  in  many  crystalline  limestones,  and  metamoxphic  granitic  and 
schistose  rocks,  and  sparingly  in  serpentine,  and  volcanic  or  igneous  rocka  Tremolite,  the 
magnesia-lime  variety,  is  especially  common  in  limestones,  particularly  magnesian  or  dolomi* 
Uo ;  actinolite,  the  magnesia  lime-iron  variety,  in  steatitic  rocks ;  and  brown,  dark-green, 
and  black  hornblende,  in  chlorite  schists,  mica  schist,  gneiss,  and  in  various  other  rocks 
(syenyte,  dioryte,  etc.),  of  which  it  forms  a  constituent  part.  Asbestus  is  often  found  in  con- 
nection with  serpentine.  Hornblende  is  often  disseminated  in  black  prismatic  crystals  through 
trachyte,  and  also  through  other  igneous  rocks,  especially  the  feldspathic  kinds. 

Aussig  and  Teplitz  in  Bohemia,  Tunaberg  in  Sweden,  and  Pargas  in  Finland,  afford  fine 
specimens  of  the  dark-colored  hornblendes.  AcUnolite  in  the  Zillerthal ;  tremolite  at  St. 
Gothard,  in  granular  limestone  or  dolomite ;  the  Tyrol ;  the  Bannat,  etc.  Asbetftiut  is  found 
in  Savoy,  Selzburg,  the  Tyrol;  in  the  iidand  of  Cornica.  Some  localities  in  the  U.  S.  are  : — 
Carlisle,  Pelham,  etc.,  Mass.^  cummingtonite  at  Cummington.  In  Coun.y  white  ciystals  of 
tremolite  in  dolomite,  Canaan.  In  N,  Tork^  Willsboro',  St.  Lawrence  Co. ;  Warwick ;  witii 
pyroxene  at  Edenviile;  near  Amity ;  in  Rossie ;  the  VAriety  pa rffayite  in  large  white  crystals 
at  Diana,  Lewis  Co.  In  Penn.^  actinolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Unionville. 
In  Mai-yland^  actinolite  and  asbestus  at  the  Bare  Hills ;  asbestus  at  Cooptown. 

Hexagon  FTE. — Described  as  a  new  mineral  by  Goldsmith,  but  shown  by  Koenig  to  be  only 
a  variety  of  tremolite.     From  Edwards,  St.  Lawrence  Co.,  N.  Y. 

Akfykdson IT E.'^Near  hornblende,  but  contains  alkalies.  Analysis,  Ramm.,  Greenland. 
SiOa  51-22,  AlOs  tr..  FeO.  2:J-7o,  FeO  780,  MuO  112,  CaO  208,  MgO  0-90,  Na^O  10*58, 
KsO  0-68,  ign  0-16-98'29.     GreeuUnd ;  Brevig  ;  Arendal. 

Crocidolite. — Composition  uncertain,  near  arfvedsonite.  Analysis,  Stromeyer,  SiO» 
51-22,  FeO  34  08,  MnO  010.  MgO  2-48,  CaO  003.  Na.O  707,  H.O  4-80=99-78.  Fibrous, 
asbestus-like.  Sometimes  altered  to  ^^ Fasei'giuiTZ.^  Color  lavender- blue  or  leek-g^en. 
Orange  river,  So.  Africa.     VoKges  Mts. 

Gastaldttb. — Monoclinic.  Cleavage  prismatic,  Ia1  =  124^  2o'  (like  amphibole).  H.= 
6-7.  G.=3'044.  Color  dark-blue  to  azure-blue  Streak  greenish-blue.  Q.  ratio  R  :  it  :  Si 
=1:2-  «:  formula  R,A:USi»0,,,  with  R=Fe,Mg,Ca  Na,.  Analysis,  Struver,  SiO;,  58*55, 
AlO.  21-40,  FeO  9-04,  MgO  3  92,  CaO  2  03,  Na.O  4  7  7,  K»0  tr=99-71.  Occurs  in  cbloriw 
■late  in  the  valleys  of  Aosta  and  Looano. 

Glaucofuakg.— Monoclinic.    Cleavage  prismatic,  Z  a i=:  124'' 51'.    H.  =6'5.    G.rr3*0907 
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Color  Uae,  blniah-blaok.    Q.  xatio  for  bases  to  silicon  1  :  2.    Analysis  from  Zermatt,  hy 
Bodewig,  SiO,  67-81,  A10>  12-03,  FeO>  2-17,  FeO  5*78,  MgO  13-07,  GaO  2-20,  Na«0  7'39 
-=100-45.     Also  from  island  of  Syra. 
WiCHTiflTTB,  Finland. — ^Perhaps  identical  with  glaucophane. 


Hexagonal.  O  A 1  =  150°  3' ;  c  =  0*499.  Habit  prismatic,  the  prism 
often  vertically  striated.  Cleavage :  basal  imperfect ;  lateral  indistincL 
Occasionallv  coarse  columnar  and 

531  682 

-0 


large  grannlar. 

H.  =  7-5-8.  G.  =  2-63-2-76. 
Lustre  vitreous,  sometimes  I'esin- 
OU8.  Color  emerald-ffreen,  pale 
green,  passing  into  ligUt-blue,  yel- 
low, and  white.  Streak  white- 
Transparent —  subtranslucent. 
Fracture  conchoidal,  uneven.  Brit- 
tle. Double  refraction  feeble; 
axis  negative. 

••        mv  •  « xi.   «      XI.  ^  Haddam,  Ot.  Siberia. 

Var. — This  species  is  one  of  the  few  that  * 

occnr  only  in  oiystals,  and  that  have  no  es- 
sential variations  in  chemical  composition.  There  are,  however,  two  inrominent  groups  depend- 
ent on  color,  the  color  varying  as  chrome  or  iron  is  present ;  but  only  the  merest  trace  of  either 
exists  in  any  case.  The  crystals  are  usually  oblong  prisms.  1.  Emerald.  Color  bright 
emerald-green,  owing  to  the  presence  of  chromium.  Hardness  a  little  less  than  for  beryl, 
according  to  the  lapidaries.  2.  Beryl.  Colors  those  of  the  species,  excepting  emerald-green, 
and  due  mainly  to  iron.  The  varieties  of  beryl  depending  on  color  are  of  importance  in  the 
arts,  when  the  crystals  are  transparent  enough  to  be  of  value  as  gems.  The  transparent 
bluish-green  kinds  are  called  aqiuinutrlM ;  also  apple-green ;  greenish -yellow  to  iron-yel- 
low and  honey-yeUow.  DavidsoniU  is  nothing  but  g^enish-yeUow  beryl  from  near  Aberdeen ; 
and  goiJienite  is  a  colorless  or  white  variety  from  Goshen,  Mass. 

Comp.— BeiAiSi«OiB=Silica  65-8,  alumina  191,  glucina  14-1=100. 

Pyr,,  etc. — B.B.  alone  unchanged  or  becomes  clouded;  at  a  high  temperature  the  edges 
are  rounded,  and  ultimately  a  vesicular  scoria  is  formed.  Fusibility =5*5  (EobeU).  Glass 
with  borax  clear  and  oolorless  for  beryl,  a  fine  green  for  emerald.  Sloivly  soluble  with  salt 
of  phosphorus  withont  leaving  a  siliceous  skeleton.  A  yeUowish  variety  from  Broddbo  and 
E*inbo  yidlds  with  soda  traces  of  tin.     Unacted  upon  by  acids. 

Difi. — Distinguished  from  apatite  by  its  hardness,  not  being  scratched  by  a  knife,  also 
harder  than  green  tourmaline  ;  from  ohiysoberyl  by  its  form,  and  from  enclase  and  topaz  by 
its  imperfect  cleavage ;  never  massive. 

Obs. — Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests  (not  in  veins),  near  Muso, 
etc.,  in  N.  Granada;  in  Siberia.  Transparent  beryls  {aqwimarinesS  are  found  in  Siberia, 
Hindostan,  and  Brazil.  Beautiful  crystiJsalso  occur  at  Elba ;  Ehrenfriedersdorf ;  Schlacken- 
wald ;  at  St.  Michaers  Mount  in  ComwaU ;  Limoges  in  France ;  in  Sweden ;  Fossum  in  Nor- 
way ;  and  elsewhere. 

Beryls  of  gigantic  dimensions  have  been  found  in  the  United  States,  in  N.  Hamp.y  at 
Aoworth  and  Grafton,  and  in  Mass.,  at  Royolston ;  but  they  are  mostly  poor  in  quality.  A 
crystal  from  Grafton,  according  to  Prof.  Hubbard,  measures  45  in.  by  24  in  its  diameter,  and 
a  single  foot  in  length  by  calculation  weighs  1,07G  lbs.,  making  it  in  all  nearly  2^  tons: 
Other  localities  are  in  Mass.,  at  Borre;  at  Goshen  ;  at  Chesterfield.  In  Conn.,  at  Haddam; 
Middletown ;  at  Madison.     In  Penn.y  at  Leiperville  and  Chester  ;  at  Mineral  HilL 

BuDiALYTB. — RhombohedraL  Color  rose-red.  Exact  composition  uncertain.  Analysis, 
Damour,  SiOa  60-38,  ZrO,  15-60,  Ta.O»  01*5,  FeO  6-37,  MnO  1-(>1,  CuO  9  23,  Na^O  1310, 
01 1*48,  HjO  1-25=99-37.  West  Greenlanci  EucoLrrB  is  similar,  but  contains  also  some 
of  the  cerium  metals.    Norway. 

PoLLDCiTB.*— 3RiAlSi40,,+2aq  with  R  =  mostly  Cs(Na,Li).  If  Na  :  08=1  :  2,  then 
810,  42  6,  2^0, 18-2,  Cs.O  83  4,  Na,0  8-7,  H.O  21=100.  Isoaetria  Cdorlev.  Uand  xA 
Elba  with  castcrite. 
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Chrysolite  Oroup. 

0HRT80LITB.*  OUvine.    Peridot 

/A/=  94^  2' ;  ^  A  l-i  =128**  28' :  c  :  2  :  rf  =  1-2688  ; 

1-0729  :  1.  6>  A  1-i  =  130*^  26i'.   ii 

A  i-2,  ov.  i-i,  =  130"  2'.     Cleavage : 

i-i    rather  distiuct.      Mas&ive  and 

>f*=°=r^pv         compact,  or   gmiiular;    ueually  in 

/v  I    ^    /^ixb^     imbedded  grains. 

^'^ ^-*— ^         H.=6-7.    G.=3-33-3-6.    Lusti-e 

vitreous.  Color  green— commonly 
olive-green,  sometimes  yellow, 
brownish,     grayish-red,      grayish- 

wi W\/7      gr^®^^-     Streak  usually  nncolored, 

x\   ^     \^       rarely    yellowish.      Transparent — 

translucent.     Fracture  conchoidal. 

Oomp.,  Vftr. — (Mg,Fe)9Si04,  with  traces  at  times  of  Mn,  Ca,  Ni  The  amount  of  iron 
▼arieamach.  If  Mg  :  Fe=12  :  1,  the  formula  requires  Silica  41-89,  magnesia  50*00,  iron 
protoxide  7*71=100 ;  Mg  :  Fe=9  :  1,  6  :  1,  etc,  and  in  hyalosiderite  2  : 1. 

Pyr.,  etc. — B.B.  whitens,  but  is  infusible  ;  with  the  fluxes  gives  reactions  for  iron.  Hya- 
losiderite  and  other  varieties  rich  in  iron  fuse  to  a  black  magnetic  globule.  Some  varieties 
iTLve  reactions  for  titanium  and  manganese.  Decomposed  by  hydrochloric  add  with  separa- 
tion of  gelatinous  silica. 

Diff. — Distinguished  by  its  infusibility.  Commonly  observed  in  small  yellow  imbedded  grains. 

Obs. — A  common  constituent  of  some  eruptive  rocks  ;  and  also  occurring  in  or  among  meta- 
morphic  rocks,  with  taloose  schist,  hypersthene  rocks,  and  serpentine ;  or  as  a  rock  formation ; 
also  a  constituent  of  many  meteorites  {e.g.,  the  Pallas  iron). 

Occurs  in  eruptive  rooks  at  Vesuvius,  Sicily,  Hecla,  Sandwich  Islands,  and  most  volcanic 
islands  or  regions ;  in  Auvergne ;  at  Unkel,  on  the  Rhine ;  at  the  Laacher  See ;  in  dolerite  or 
basalt  in  Canada.  Also  in  labradorite  rocks  in  the  White  Mountains,  N.  H.  {hyalodderite) ;  in 
Loudon  Co.,  Ya. ;  in  Lancaster  Co.,  Fa.,  at  Wood's  Mine. 

The  following  are  members  of  the  Chry^dUte  Oratip  : 

FORBTERITE. — Mg«Si04.  Like  ohiysoUte  in  physical  characters.  Vesuvius.  BoLTOHlTB, 
essentially  the  same.    Bolton,  Mass. 

MoNTiCRLLiTB,  from  Mt.  S»mma,  and  BATBACniT£,  from  the  Tyrol,  are  (Ca,Mg)tiSi04, 
with  Ca  :  Mg=l  :  1.  H.=6-5*5.  G.=8'03>8'2o.  MonticelUte  also  occurs  in  la^ge  qoantitiefl 
(v.  Rath)  on  the  Pesmeda  Alp,  Tyrol,  altered  to  serpentine  and  fassaite. 

Fatal FTB. — FciSiOi.  G.  =4-4*14.  Color  black.  In  volcanic  rocks  at  Fayal,  Axores ; 
Moume  Mts.,  Ireland. 

HORTONOLITB.— (Fe,Mg)aSi04,  with  Fe  :  Mg=3  :  2.     O'Neil  mine.  Orange  Co.,  N.  Y. 

TephroitB'— Mn^SiOi.    G.=4-4'12.    Color  reddish-brown.    Sterling  Hill.  N.  J. ;  Sweden. 

BoEPFfCRiTB. — ^An  iron-manganese-zinc  chrysolite.  H.=:  5*5-6.  G.=  8 1^5-4*08.  Color 
dark-g^een  to  black.     Stirling  Hill,  N.  J. 

Knubelitb.— (Fe,Mn)9S104,  with  Fe  :  Mn=l  :  1.     G.=4*12.     Color  gray.     Dannemora. 


Leucophanitb.*— Composition  given  by  the  analysis  (Ilamm.)  SiOa  47*03,  AlO.  1  -03,  BoO 
10-70,  CaO  23-37,  MgO  0-17,  Na,0  11  -26,  K.O  0-30,  F  6-57=100'43.  Orthorhombic.  G.  = 
2 '07.     Color  greenish-yellow.     Occurs  in  syenite  on  the  island  of  Lamoc,  Norway. 

Meliphanitb  (Melinophan). — Composition  given  by  the  analysis  (Bamm.)  SiOs  48  60, 
aVlO,(FeO.0  157,  BeO  11*74,  CaO  26*74,  MgO  0  11,  NaaO  8  55,  K.O  1*40,  H9O  0-30,  F  5-73 
=99*80.     Q.  =8*018.     Orthorhombic.     Color  yellow.     Fredriksvarn,  Norway. 

W5HLERITE.— Composition  given  by  the  analysis  (Bamm.)  SiOa 28*48,  CbaOt  14*41,  ZrO| 
19-63,  CaO  26*18,  FeO(MnO)  2  50,  Na,0  7-78=98-93.  Monodinic.  G.=8-41.  Cdoi  light- 
yellow.    Near  Brevig,  Norway. 
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WiUemite   Oroup. 
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WTTiTiFMTTB. 

Ehorabohedral.  RkR-  116^  1',  O A 5  =  142^  17' ;  (5  =  0-67378.  Cleav- 
age: i-2  easy  in  N.Jersey  crystals;  O  easy  in  those  of  Moresnet.  Also 
massive  and  in  disseminated  grains.   Sometimes  fibrous. 

H.=5-5.  G.=3'89-4-18 ;  4*27,  transparent  crystals 
(Cornwall).  Lustre  vitreo-resinous,  rather  weak.  Color 
whitish  or  greenisli-yellow,  when  purest ;  apple-green, 
flesh-red,  grayish-white,  yellowish-brown ;  oiten  dark- 
brown  when  impure.  Streak  uncolored.  Transparent 
to  opaque.  Brittle.  Fracture  conchoidal.  Double 
refraction  strong ;  axis  positive. 


Var. — The  oryBtalfl  of  Moxesnet  and  New  Jersey  differ  in  oocnrring 
forms.  The  latter  are  often  quite  large,  and  pass  nnder  the  name  of 
troostUe;  they  are  commonly  impure  from  the  presence  of  man- 
ganese and  iron. 

Comp — Zn9Si04= Silica  27-1,  zinc  oxide  72-9=100. 

Pyr.,  etc. — B.B.  in  the  forceps  glows  and  fuses  with  difficulty  to 
a  white  enamel;  the  yariecies  from  New  Jersey  fuse  from  3*5  to  4. 
The  i)owdered  mineral  on  charcoal  in  B.F.  gives  a  coating  yeUow 

while  hot  and  white  on  cooling,  which,  moistened  with  solution  of  cobalt,  and  treated  in  O. 
F.,  is  colored  bright  green.  With  soda  the  coating  is  more  readily  obtained.  Decomposed 
by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obs. — From  Vieille-Montagne  uear  Moresnet ;  also  at  Stolberg ;  at  Baibel  in  Garinthia ; 
at  Kucsaina  in  Servia,  and  in  Greenland.  In  New  Jersey,  at  both  Franklin  and  Stirling  in 
such  quantity  as  to  constitute  an  important  ore  of  zina  It  occurs  intimately  mixed  with 
sindto  and  franklinito,  and  is  foimd  massive  of  a  great  variety  of  colors,  from  pale  honey- 
yellow  and  light  green  to  dark  ash-gray  and  flesh-red ;  sometimes  in  crystals  {troastUe), 


DIOPTA8B.    Emerald-Copper. 

^  Khombohedral;  tetartohedral.     i?A^=126**  24';  <?A^  =  148**  88'; 

c  =  0-5281.    Cleavage :  li  perfect.    Twins :  twinniiig- 

plane  li.    Also  massive.  636 

H.=5.  G.=3-278-3-348.  Lustre  vitreous.  Color 
emerald-ffreeii.  Streak  green.  Transparent — subtrans- 
lucent.  Practure  conchoidal,  uneven.  Brittle.  Double 
refraction  strong,  positive. 

Oomp.— Q.  ratio  for  Cu  :  Si  :  H=l  :  2  :  1;  formula  HaCaSlO^ 
(Ramm.)= Silica  381,  copper  oxide  50*4,  water  11'5=100. 

Pyr.,  eto. — In  the  closed  tube  blackens  and  yields  water.  B.B. 
decrepitates,  colors  tue  flame  emerald -green,  but  is  infusible.  With 
the  fluxes  gives  the  reactions  for  copper.  With  soda  on  charcoal  a 
globule  of  metallic  copper.    Decompo^d  by  acids  with  gelatinization. 

Obs. — Dioptase  occurs  disposed  in  weU-defined  crystals  and  amor- 
phous on  quarts,  occupying  seams  in  a  compact  limestone  west  of  the 
Liu  of  Altyn-Tubeh  in  the  Kirghese  Stoppes  -  also  in  the  Siberian 
gold-washings.  From  Chase  Creek,  near  Clifton,  Arizona,  In  fine 
cr^tals,  on  a  "  mahogany  ore,*'  consisting  of  limonite  and  copper  oxide. 

Fhenacite.— BeaSiOi.   Ehombohedral.  Colorless.  Resembles  quartz.  Takoraja;  Miask ; 
Durango,  Mexico. 
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Friedblitb.  — Bhombohedral.  OaB=H7^;  BaB=128^  42'.  aeava^:  0  easy. 
H.=4.76.  G.=:d.07.  Also  maasiTe,  saoobaroidal.  Color  rose-red.  TmnBlncent.  Doablt 
refraction  strong,  axis  negative.  Analysis,  SiO,  86.12,  MnO  (FeO  tr)  63-06,  MgO,  CaO  2-96, 
U,.0  7-87=  100  This  corresponds  to  the  formula  Mn4SisOio+2HaO.  If  the  water  is  bttrio 
as  in  dioptase,  with  which  it  seems  to  he  related  in  form,  the  formula  is  HiMniSitOits 
U.Si04.  This  requires  SiO.  8600,  MnO  66*80,  H,0  720=100.  Occurs  with  diallogite  and 
alabandite  at  the  manganese  mine  of  Adervielle,  Hautes-Pyren^es.  (Bertrand,  G.  B.,  May, 
1876.) 


Isometric:  tetittliedral.     Cleavage:  octahedral,  in  traces. 

H.=6-6-5.  G.=3-l-8'3.  Lnstre  vitreous,  inclining  to  resinous.  Color 
lioney-vellow,  inclining  to  yellowish-brown,  and  siskin-green.  Streak  un- 
colorea.     Subtranslucent.     Fracture  uneven. 

Oomp — Q.  ratio  for  B  :  Si=l  :  2 ;  for  Mn  +  Fe  :  Be=l  :  1 ;  formula  d(Be,Mn,Fe)«Si04  + 
(Mn.Fe)S  (Bamm.).  Analysis  by  Teich,  Lupikko,  Finland,  SiO*  80*81,  BeO  10*51,  MnO 
i]7  87,  FeO  10-37,  OaO  4-72,  ign  0  22,  S  6 '96 =99 -95. 

Pyr.,  etc. — Fuses  at  8  in  B.F.  with  intumescence  to  a  yellowish-brown  opaque  bead,  becom- 
ing darker  in  B.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  by  hydro- 
chlorio  acid,  with  erolntion  of  sulphuretted  hydrogen,  and  separation  of  gelatinous  silica. 

Obs. — Ocoors  in  gneiss  at  Schwarzenberg  in  Saxony ;  at  Breitenbrunn.  Saxony ;  at  Horte* 
kolle  near  Modom,  and  also  at  Breyig  in  Norway,  in  ziroon-syenite. 

DANAUTZ2.* 

Isometric.  In  octahedrons,  with  planes  of  the  dodecahedron ;  the  dode- 
cahedral  faces  striated  parallel  to  the  longer  diagonal. 

H.=5-5-6.  G.=3*427.  Lustre  vitreo-resinous.  Color  flesh-red  to  gray. 
Streak  similar,  but  lighter.  Translucent.  Fracture  subconchoidal,  uneven. 
Brittle. 

Oomp.— 8(Be,Fe,Mn,Zn)sSi04+(Fe,Mn,Zn)S.  Analysis:  J.  P.  Cooke,  Rockport,  SiOs 
81-78,  FeO  2740,  MnO  628,  ZnO  17-61,  BeO  1888,  S  6-48=102-28.  By  subtracting  from 
the  analysis  oxygen  2*74,  equivalent  to  the  sulphur,  the  sum  is  99*49. 

Pyr.,  eto. — B.B.  fuses  readily  on  the  edges  to  a  black  enamel.  With  soda  on  charcoal  gives 
a  slight  coating  of  cine  oxide.  Perfectly  decomposed  by  hydrochloric  acid,  with  evolution  of 
sulphuretted  hydrogen  and  separation  of  gelatinous  silica. 

Obs. — Occurs  in  the  Rockport  granite.  Cape  Ann,  Mass.,  smaU  grains  being  disseminated 
through  this  rock ;  also  near  Gloucester,  Mass. 

BuLYTiTfi  (Kieselwisnuth,  Germ.), — Isometric,  tetrahedral;  in  minute  crystals  often 
aggregated  together.  H.  =4*5-6.  G.  -d'KW.  Color  grayish- white  to  brown.  Ccnnp,  A  uni- 
silicate  of  bismuth,  Bi4Sia0i9.  Schneeberg.  AffricoUte,  Composition  similar,  but  form 
monodinia  Occurs  in  globular  masses  having  a  radiated  structure,  and  in  indistinct  groups 
of  crystals.     Schneeberg  (color  hair-brown)  and  Johanngeoigenstadt  (color  wine-yeUow). 

BiSHOTOFERRrrB.— Cryptocrystalline;  generally  massive.  H.=8-6.  G.=4*47.  Color 
olive-green.  Analysis  (Frenzel)  SiOs  24-06,  FeOt  88*12,  Bi,0s  42  88=100.  Schneeb^ty. 
^fpoSUante  is  homstone  mixed  with  the  above  mineral  and  other  impurities. 


Oamet    O-roup. 

OARMXIT.*  anmat,  Oemk 


iBometric;   dodecahedron,  f.  637,  and  the   trapezohedron  2-2,  f.   588, 
tii9  most  common  forms;  octahedral  form  very   rare.     Distorted  forms 
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shown  in  f.  345-352,  pp.  105, 106.  Cleavage :  dodecabedral,  Bometimea  qmta 
dislinut  Twins:  twinning-plane  octahedral.  Also  maseiTe;  granalar, 
coarse,  or  fine,  and  aometinies  friable :  lamellar,  lamelleB  thick  and  bent. 
Also  Tery  compact,  crypto-cryatalline  like  saiiBearite. 


H.=6'5-7*5.  G.=3'15-4'3.  Lustre  vitreous — resinous.  Color  red, 
brown,  yellow,  white,  apple-green,  black ;  some  red  and  green  colors  often 
bright.  Streak  white.  Tmnsparent — snbcraiislncenr,  Fracture  siibcon- 
clioidal,  uneven.  Brittle,  and  sometimes  friable  when  granular  massive; 
very  tough  when  compact  cryptocryatalliue.  Sometimes  donbly  refracting 
in  consequence  of  lamellar  structure,  or  in  some  cases  from  alteration. 

Oomp.,  Tar. — (Hmet  Ib  a  nuisQicata  of  elements  In  the  aenqniozlde  and  protoxide  statM, 
having  the  general  formnla  BiftSiiOu.  There  are  three  prominettt  groups,  based  on  tb» 
nature  of  the  predomiiiaCing  aesqnioiide. 

I.  Alduiha  gabnet.  in  which  alitiiinuin  (Al)  predominates. 

II.  Ikon  o&knkt,  in  which  iron  (Fe]  pTtdominatea,  Qsuall^r  with  aome  alnmiaum. 

III.  CuHOUK  OARNET  in  whlob  chromium  (€r)  is  moet  prominent 

There  are  the  foUowing  varieties  or  subspeoleB,  based  on  the  predominance  of  one  or  anothm 
of  the  protoxides  : 

A.  GitosauLARiTB.  or  Lime-Alumiivi  garnet.  B.  Pvhopb,  or  Magnaia- Abtmtna  garnet. 
C.  Aj,>t/LiiDn:i!,,oi  Iron- Alumina  garnet,  D.  Sr&eaxnTnR.ot  3f<ingiiiit»e-Aluminn  //arnel. 
E.  ANDnAOiTB,  oc  Lime-Ii'(fn  garnet,  including  1,  ordinary ;  2,  maingaDeaian,  or  Itut^ioffile; 
8,  yttriferous,  or  Ytter-gnrntt.  F.  Bredhbboitk,  oi  Lime- Maniiain- Iron  gurnet.  G. 
OuvAROViTB,  or  Lime-Chrome  garnet.  Excepting  the  last,  these  subdivisions  bleed  with  one 
another  mote  or  less  completely. 

A.  Lioit- Alumina  garnet  ;QaoasvhA.«nit,  Cinnamon  stone.  A  silicate  malnl;  of  Blnmluam 
and  oaldum ;  formula  mostly  CB)A13i,0,,  =  Silica  40-0,  alamma  228.  lime  87'!=100.  But 
soma  caldam  often  replaoedby  iron,  and  thus  gTaduating  toward  the  Almandite  group.  Color 
(a)  white;  (b)  pale  green;  (e)  amber-  and  honey-yellow;  (_di  wine-yellow,  brow nish-yn] low, 
cinnamon  .brown  :  rarely  (a)  eroerold-green  from  the  pres^-nce  of  chromium.     Q.  =34-3'70. 

B.  Mrgnetia-Aiumina  gamtt;  Pthofb.  A  silicate  of  aluminnm,  with  various  protoiida 
bases,  among  which  cuagneaiura  predominatet  much  in  atomic  proportions,  while  in  Hmill  pit>. 
porUon  in  other  gamete,  or  abaent.  Formula  (Mg.Ca,Fe,Mn)i  tlSiiOi,.  The  orliclnni  pyrop« 
la  (be  kind  containing  ohrominra.  In  the  an:ilysia  of  the  .Lreiidul  inaguesiH-gnmet.  Mg  :  Ca  i 
Pe-HMn=B  :  1  ;  2;  8iO,  ««,  AlO,  2247,  FeO  I)  29.  MuO  0-27.  MgO  i:i-4t.  CaO  fi-53=. 
100-44  Waoht     Q.  =8-167.     The  name  pj/j-ojw  is  from  tj^.o.  -6  .  fire-Uke. 

Q.  Iroa-Alamina  gameC ;  Ai.mahditb.  A  silicate  mainly  of  aluminum  and  iron  |Fe); 
formola  FeiA13i,0i,=Silicn  SH'l,  olumiua  20  <l.  iron  protoiide  4:('^  =  IO0;  or  Mn  may  le- 
plaoe  some  of  tbe  Fe,  and  i'e  part  of  the  lU.  Color  fine  deep-red  and  tcjuapareut,  and  then 
called  pre^out  gurnet ;  also  brownish-red  and  tronslitoent  or  subtron^luoent,  coMnvm  garnet; 
black,  and  then  referred  to  vor.  m«laiut«.  Part  of  oonrnwi  garnet  belong*  t«  the  Android 
group,  or  is  Imn  famet. 
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D.  Manffaneg^Aluimna  garnet;  Spessabtitb.  Oolor  dark  hyacinth-rod  (fr.  SpesBOft), 
sometimes  with  a  shade  of  violet,  to  brownish-red.  G.=8'7-4'4.  Analysis,  Haddam,  Gt., 
SiOa  86  16,A1,0, 19-76,  FeO  11  10,  MnO  3218,  MgO  022,  CaO  058=100,  Ramm. 

E.  Lime^ Iron  garnet ;  Amdradite.  Aplome.  Color  various,  indudlng  wine-,  topa», 
and  greenish-yellow  (topasolite),  apple-green,  brownish -red,  brownish-yellow,  grayish-groen, 
dark  green,  brown«  grayiah-blaok,  black.    G. =3.64-4. 

Comp.-~CaiFeSi>Oi3,  this  includes :  (a)  Topaeotits^  having  the  color  and  transparency  ol 
topaz,  and  also  sometimes  green ;  although  resembling  essonite,  Damour  has  shown  that  it 
belongs  here,  (d)  Colophonitey  a  coarse  granular  kind,  brownish-yellow  to  dark  reddish- 
brown  in  color,  resinous  in  lustre,  and  usually  with  iridescent  hues ;  named  after  the  resin 
coloph(m$f,  (o)  Mdanite  (named  from  /^^oc,  bUick)^  black,  either  dull  or  lustrous;  but  all 
black  garnet  is  not  here  included.  Pyrendte  is  grayish-black  melanite ;  the  original  afforded 
Vauquelin  4  p.  o.  of  water,  and  was  iridescent,  indicating  incipient  alteration.  (S)  Dark  green 
garnet,  not  distinguishable  from  some  alloohroite,  except  by  chemical  means. 

F.  lAme' Magnesia  Iron  garnet ;  Bredberoitb.  A  variety  from  Sala,  Sweden,  is  here 
included.  Formula  (Ga,Mg)aFeSisOi9=Silica  37*2,  iron  sesquioxide  83-1,  magnesia  12*4, 
lime  17*8=100.     It  corresponds  under  Iron  garnet  nearly  to  aplome  under  Alumina  garnet 

G.  Lime-Chrome  garnet ;  OxjYAROYiTE,  A  sUicato  of  calcium  and  chromium.  Formula 
0at6rSitOi9.  In  the  Ural  variety,  a  fourth  of  the  chromium  oxide  is  replaced  by  aluminum 
oxide;  that  is,  Al :  6r=l  :  3  nearly.  Color  emerald-preen.  H.=7-5.  G.=3-41-i*52.  B.B. 
Infusible;  with  borax  a  dear  ohrome-green  glass.     Named  after  the  Russian  minister,  Uvarof. 

Pyr.,  etc. — Most  varieties  fuse  easily  to  a  light-brown  or  black  glass ;  F.  =3  in  almandite, 
■peosartite.  grossularite,  and  allochrolte  ;  3*5  in  pyrope;  but  ouvarovifce  is  almost  infusible, 
F.=6.  Allochrolte  and  almandite  fuse  to  a  magnetic  globule.  Reactions  with  the  fluxes 
vazy  with  the  bases.  Almost  all  kinds  react  for  iron  ;  strong  mangrauese  reaction  in  spessar- 
tlte,  and  less  marked  in  other  varieties ;  a  chromium  reaction  in  ouvarovite,  and  in  most  py- 
rope. Some  varieties  are  partially  decomposed  by  acids ;  all  except  ouvarovite  are  decomposed 
after  ignition  by  hydrochloric  acid,  and  generally  with  separation  of  gelatinous  silica.  Decom- 
posed on  fusion  with  alkaline  carbonates. 

Diffi — Ordinary  garnets  are  distinguished  fromsiroon  by  their  fusibility  B.B.,  but  they  fuM 
(ess  readily  than  vesuvianite  ;  the  vitreous  lustre,  absence  of  prismatic  structure,  and  usually 
the  form,  are  characteristic ;  it  has  a  higher  specific  gravity  tl  an  tourmaline. 

Obi, — Ghirnet  crystals  are  very  common  in  mica  schist,  gm  iss,  syenitic  gneiss,  and  horn- 
blende and  chlorite  schist ;  they  occur  often,  also,  in  granite,  hyenite,  crystalline  limestones^ 
sometimes  in  serpentine,  and  occasionally  in  trap  and  volcanic  tufa  and  lava. 

Some  localities  are:  Cinnamon-stone  {E!j<Monite),  Ceylon;  Mussa-Alp  in  Piedmont. 
Oronularite^  Siberia;  Tellemark,  Norway;  Ural.  Almandite^  Ceylon,  Pegu,  Brasil,  and 
Greenland.  Common  garnet  in  large  dodecahedrons,  Sweden 'Arendal  and  Kongsberg  in 
Norway,  and  the  Zillerthal.  Melanite  at  Vesuvius  and  in  the  Hautes- Pyrenees  {Pyreneite), 
Aplome  at  Schwarzenberg  in  Saxony.  Speseartite  at  Spessart  in  Bavaria,  Elba,  at  St.  Maioel, 
Piedmont,     l^rope  in  Bohemia,  also  at  ZOblitz  in  Saxony.     Ouvarmite  .n  the  Urals. 

In  N.  America  in  Maine^  Phlppsburg,  Rumford,  Windham,  at  Brunswick,  etc.  In  ^Y.  Ilamp.^ 
Warren.  JjuMcus.,  at  Carlisle;  massive  at  Newbur}- ;  at  Chesterfield.  In  Cann.,  trapezo- 
hedrons,  -f-l  in.,  in  mica  slate,  at  Reading  and  Monroe  ;  Haddam.  In  H.  York^  at  Roger's 
Rock ;  Crown  Point,  Bssex  Co. ;  at  Amity.  In  N,  Jerney^  at  Franklin.  In  Penn. ,  in  Chester 
Co.,  at  Pennsbnzy ;  near  Ejiauertown,  at  Keims*  mine ;  at  Chester,  brown;  in  LeipervilleY 
red;  near  Wilmington.  In  Calif omia^  in  Los  Angeles  Co.,  in  Mt.  Meadows;  ouvarovite  at 
New  Idria ;  pyrope,  near  Santa  F6,  New  Mexico.  In  Canada^  at  Marmora,  at  Grenville ; 
chrome -garnet  in  Orford,  Canada. 

The  cinnamon-stone  from  Ceylon  (called  hyacinth)  and  the  predous  garnet  are  used  as  gems 
when  large,  finely  colored,  and  transparent.  The  stone  is  cut  quite  thin,  on  account  of  the 
depth  of  color,  with  a  pavilion  cut  below,  and  a  broad  table  above  bordered  with  small  facets. 
An  octagonal  garnet  measuring  8^  lines  by  6^  has  sold  for  near  $700.  PulverisEed  gamdt  is 
sometimes  employed  as  a  substitute  for  emery. 


Vesuvianite  Oroup. 
ZIROON« 


Tetragonal.  O  A  1-i  =  147°  22' ;  c  =  0-640373,  Haidiiiger,  /A  1  = 
182°  10  .  Fftcefl  of  pyramids  sometimes  convex.  Cleavage :  /  imperfect^ 
1  leta  distinct*     Also  m  irregular  forms  and  grains. 


OXTOEN  0PMF0Uin>8 — ▲NUTI>B0ir8  SILICATES. 


305 


H.=7'5.  G.=405-4-75.  Lustre  adamantine.  Colorless,  pale  yellow- 
ish, grayish,  yellowish-green,  brownish-yellow,  reddish-brown.  Streak  un 
colored.  Transparent  to  subtranshicent  and  opaque.  Fracture  conchoidal 
brilliant.     Double  refraction  strong,  positive. 


ff41 

I 

648 


545 


546 


Saualpe. 


McDowell  Co.,  N.  0. 


Var. — The  colorless  and  yellowish  or  smoky  zircons  of  Ceylon  have  there  been  long  caUed 
Jargons  in  jewelry,  in  allusion  to  the  fact  that,  while  resembling  the  diamond  in  luslxef  they 
were  comparatively  worthless ;  and  thence  came  the  name  ziroon.  The  brownish,  orange,  and 
reddish  kinds  were  called  distinctively  hyacititKs — a  name  applied  also  in  jewelry  to  some  tojvu 
and  light-colored  garnet. 

Comp.—ZrSi04= Silica  33,  ziroonia  67=100.  Klaproth  discovered  the  earth  ziroonia  in 
this  species  in  1780. 

Pyr.,  etc. — Infusible ;  the  colorless  varieties  are  unaltered,  the  red  become  colorless,  while 
dark- colored  varieties  are  made  white  ;  some  varieties  glow  and  increase  in  density  by  igni- 
tion. Not  perceptibly  acted  upon  by  salt  of  phosphorus.  In  powder  is  decomposed  when 
fused  with  soda  on  the  platinum  wire,  and  if  the  product  is  dissolved  in  dilute  hydrochlorio 
acid  it  gives  the  orange  color  characteristic  of  zirconia  when  tested  with  turmeric  paper.  Not 
acted  upon  by  acids  except  in  fine  powder  with  concentrated  sulphurio  acid.  Deoomposed 
by  fusion  with  alkaline  carbonates  and  bisulphates. 

Di£f. — Distinguished  by  its  adamantine  luatre,  hardness,  and  infusibility ;  the  occurrence  of 
square  prismatic  forms  is  also  oharacteristia 

Obs.— Occurs  in  crystalline  rocks,  especially  granular  limestone,  chloritic  and  other  schists  ; 
gneiss,  syenite ;  also  in  granite ;  sometimes  in  iron-ore  beds. 

Found  in  alluvial  sands  in  Ceylon  ;  in  the  gold  regions  of  the  Ural ;  at  Arendal  in  Norway ; 
at  Fredericksvam,  in  zircon-syenite ;  in  Transylvania ;  at  Bilin  in  Bohemia. 

In  N.  America,  in  N.  York^  at  Moriah,  Essex  Co. ,  and  in  Orange  Co. ;  in  Warwick ;  near 
Amity  ;  at  Diana  in  Lewis  Co.;  also  at  Bossie.  In  N,  Jersey^  at  Franklin;  at  Trenton  in 
gneiss.  In  N,  Oar.^  in  Buncombe  Co.;  in  the  sands  of  the  gold  washings  of  McDowell  Co. 
In  CaUfdrrUa^  in  the  auriferous  gravel  of  the  north  fork  of  the  American  river,  and  else- 
where.    In  Canada^  at  Grenville,  eto. 


VESUyiANITB.*  Idocrask. 

Tetragonal.  (9Al-i  =  161°  45';  c  =  0-537199  (v.  Kokscharof).  6^Al 
==  142^  46i'  1  A 1,  ov.  l-t,  =  129°  21'.  Cleavage :  /  not  very  distinct,  0 
Btill  less  so.  Columnar  strncture  rare,  straight  and  divergent,  or  irregular. 
Sometimes  granular  massive.  *  Prisms  usually  terminating  in  the  basal  plane 
O'j  rarely  in  a  pyramid  or  zirconoid;  sometimes  the  prism  nearly  wanting, 
and  the  form  short  pyramidal  with  truncated  summit  and  edges. 
20 


nssoBipnvB  uissrjlloqt, 

49-3*46.     Lustre    vitreone;    often   inclining   to   n- 

inons.       Color   bruwn   to  green, 

Wl  and  the  latter  frequently  bright 

and   olear ;  occasionallv  sulphur- 

yellow,  and  also  pale  bine ;  Borne- 
times  green  along  the  axis, 
and  piBtachio-green  trarisvereely. 
Sti-eaK  white.  Snbtransparent — 
faintly  anbtranslucent.  Fracture 
anbfonohoidal — uneven.  Double 
refraction  feeble,  axis  negative. 

Oomp.,  Var,— Q.  ratio  f  or  B  :  ft  :  Bl= 
4:8:7  (acoordiug-  to  the  latest  inveati- 
gationa   of  Bammelsberg).     B=Ca  (aJso 
SwUofd,  Ua.  %,  Fo,  or  H,,£,,  Na.);  fi=Al  and  also  Fe. 

If  we  neglect  tfae  water  the  empirical  for- 
mula ia  BiRiSiiOti,  irheie  tbe  qnantivaleDt  ratio  ot  bases  to  siliooD  is  1  ;  1.  The  ratio  of 
R  :  It  vadea  tnnch,  which,  aa  stated  by  Bammelsberg.  is  tbe  explonatioa  of  the  diflerent 
Aooljses  b;  Bunmelsbeig.     (1)  Houtoni ;  (2j  Wilui,  Siberia. 


(8) 


SiO, 

AlO. 

FeO, 

FeO 

87-33 

16fl8 

8-76 

3flX 

88-40 

18-78 

6S4 

MgO 

2-11 
6-88 


CaO      Ka,0(K,0)      H,0 

85  34  0  la  a08=  99-75 

8.504  0«B  0.83=101-06. 


PjT.,  otc — B.B,  foses  at  8  witb  intameecenoe  to  a  greenish  or  brownish  glass.  UagnM 
•tatM  that  the  density  after  fnsioii  is  3-08-3  945.  Wil£  the  Duxes  gives  reactions  for  iron, 
«nd  a  ntriety  from  St.  Maroel  giTBs  a  stroDg  mai^;aneae  reootion.  Oyprine  gives  a  reaotion  for 
copper  with  salt  of  pbosphoniB.  Partiully  deoomposed  by  hydrochloric  acid,  and  oompletelf 
when  the  mineral  has  been  previously  ignited. 

Di& — BeeemUes  some  brown  Tsrieties  of  garnet,  tourmaline,  and  epidote,  bat  its  tetragonal 
form  and  easy  fusibility  distinguish  it. 

Obs. — Vesutianite  was  first  found  among  the  ancient  ejections  of  Yesavius  and  the  dolo* 
mitic  blocks  of  Somma.  It  has  since  been  met  with  most  abundantly  in  granular  limestone  } 
also  in  serpentine,  chlorite  schist,  gneiss,  and  related  rocks.  It  is  often  associated  with  lime- 
garnet  and  pyroxene.     It  has  been  observed  imbedded  in  opaL 

OcKura  at  Vesuvius ;  at  Ala,  in  Piedmont ;  ot  Mcinzoni  in  the  Faaeothol ;  near  GhristiMwand, 
Korway  ;  on  the  Wiliii  river,  near  L.  Baikij  ;  in  the  Urals,  and  elsewhere. 

In  N.  America,  in  Maine,  at  Pbippsburg  and  Rumford,  abundant ;  ^andford  (1  551).  In 
S.   fVfl'i,  at  Amity.     In  ^V.  Jtr^'y,  at  Newton.     In  6'[i»ndi!,  at  Calumet  Kails;  atOrenville. 

UbLILITE  from  Capo  di  Bove,  and  HOStDOLDTir.rrB  from  Mt.  SommiL,  are  similar  in  oom- 
poaitiou.  Analysis  of  the  meimte  by  Damonr.  8iO,38'»4,  A10,8-U1,  FeO.  10-03,  OaOSS'Oa, 
Mg06-7l,  N8,0  3-12,  K,01-51=e936.     Tetragonal.    Color  honey -yellow. 


Epidote  Group. 

The  species  of  tlie  Epidote  Group  are  charai^terized  by  high  epecitic 
gravity,  above  3;  hardness  above  5;  fusibility  B.B.  bel<)M4;  anii'innetric 
ci'jBtallization,  and  therefoi-e  liiaxial  polarization  ;  the  doiiiiiiant  prismatic 
angle  112"  to  117°  ;  librous  forms,  w-lien  they  ocuiir,  always  brittle ;  colors 
while,  gray,  brown  yellowlBh  green,  and  deep  green  to  black,  and  some- 
times  reddish. 

lliB  prismatic  angle  in  toiute  and  other  orthorbomblo  speoies  is  /a  / ;  but  in  epidote  it  is 
the  angle  over  a  horizontal  edge  between  the  planes  0  and  (•  J,  the  orthiidiagonal  of  opidot* 
coireeponding  to  the  vortioal  axis  of  loisite,  as  explained  under  the  latter  apecieb 


OZTOEN  OOMPOUNDS — ANHTDBOUS  SILICATES. 


307 


ZIPIDOTZL    Pkteiite. 

Mouoclmic.  O  =  Sr  27' ;  i-2  A  i.2  =  63°  8',  O  A 14  =  122*^  23' ;  c  :  J  :  a 
=  0-43436  :  0-30719  : 1.  Oa  14  =  154°  3',  O  A  -1-t  =  154°  15',  i-i  A  —1 
=  10i°  48',  i-i  A 1  =  104°  15'.  Crystals  nsuaHy  lengthened  in  the  direc- 
tion of  the  orthodiagonal,  or  pamllel  to  i-i;  soinetiiiies  lon^  acicular. 
Cleavage:  i-i  perfect;  1-i  less  so.  Twins:  twinnin^-j)lano  l-z;  also  i-i. 
Also  fibrous,  divergent,  or  parallel ;  also  granular,  particles  of  various  sizes, 
sometimes  fine  granular,  and  forming  rock-masses. 
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H.=6-7.  G.=3'26-3-5.  Lustre  vitreous,  on  i-i  inclining  to  pearly  or 
resinous.  Color  pistachio-green  or  yellowish-green  to  brownish-green, 
greenish-black,  and  black ;  sometimes  clear  red  and  yellow ;  also  gray  and 
gi*ayidh'White.  Pleochroism  often  distinct,  the  crystals  being  usually  least 
yellow  in  a  direction  through  l-i  (see  p.  166).  Streak  uncoTored,  grayish, 
Subtransparent — opaque ;  generally  subtranslucent.  Fracture  uneven. 
Brittle. 


Var. — ^Epidote  has  ordinarily  a  peculiar  yellowiah-^reen  (pistachio)  color,  seldom  found  in 
other  minerals.  But  this  color  passes  into  dark  and  light  shades — black  on  one  side,  and 
brown  on  the  other.  Most  of  the  brown  and  nearly  all  the  gray  epidote  belongs  to  the  species 
ZoUite ;  and  the  reddish- brown  or  reddish- black  containing  much  oxide  of  manganese,  to 
the  species  PiedmoutiU^  or  Manganepidot ;  while  the  black  is  mainly  of  the  species  AUamU^ 
or  Gerium-epidote. 

Oomp. — Qnantivalent  ratio.for  Ga  :  ft  :  Si=4  :  9  :  12,  and  H  :  Ga=l  :  4.  The  formula  is 
then  HiGa4iisSi80^6*  H  is  Fe  or  Al,  the  ratio  varying  from  1  :  2  to  1  :  6.  Analysis,  Unter^ 
Bulzbach,  Tyrol,  by  Ludwig:  SiO,  37-8:),  rVlO,  22  6:^,  FeO,  15C5,  FeO  093,  GaO  2327,  HjO 
2 '05= 100 '76.  As  first  shown  by  Ludwig,  epidote  contains  about  2  p.  c  water,  which  is 
given  off  only  at  high  temperatures. 

Pyr.,  etc. — In  the  closed  tube  gives  wat^r  at  a  high  temperature.  B.  B.  fuses  with  intumes- 
cence at  3-3  '5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  gelatinizes  with  acid.  Decomposed  on  fusion  with  alkaline  car- 
bonates. 

Dift — Distinguished  often  by  its  peculiar  yellowish-green  color ;  yields  a  magnetic  globule, 
B.  B.  Prismatic  forms  often  longitudinally  striated,  but  they  have  not  the  augle,  cleavage, 
or  brittleness  of  tremolite. 

Obs. — Epidote  is  common  in  many  ciystalline  rocks,  as  syenite,  gneiss,  mica  schist,  horn- 
blendic  schist,  serpentine,  and  especially  those  that  contain  the  ferriferous  mineral  horn- 
blende. It  often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  It  is  sometimes 
found  in  geodes  in  trap ;  and  also  in  sandstone  adjoining  trap  dikes,  where  it  has  been 
formed  by  metamorphism  through  the  heat  of  the  trap  at  the  time  of  its  ejection.  It  also 
occurs  at  times  in  nodules  in  different  quartz-ro  ks  or  altered  sandstones.  It  is  associated 
often  with  quartz,  pyroxene,  feldspar,  axinite,  chlorite,  etc,  in  the  Piedmontese  Alps. 

Beautiful  crystallizations  come  from  Bourg  d^Oisans,  Ala,  and  TraverseUa,  in  Piedmont , 
Zermatl  and  eLsewhere  in  Switzerland ;  Monzoni  in  the  Fassathal ;  the  Untersulzbachthal  and 
ZiUerthal  in  the  Tyrol 

In  N.  America,  occurs  in  Mnss,^  at  Ghestcr  ;  at  Athol ;  at  Borne,     In  Conn^f  at  Haddam. 
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In  iV!  T(n'kf  at  Amity  ;  near  Monroe,  Orange  Co. ;  at  Warwick.  In  N,  Jersey s  at  Franklin 
In  PtfTin.,  at  E.  Bradford.  In  Michigan^  in  the  Lake  Superior  region.  In  Canada^  at  St 
Joseph. 

PiBDMONTiTB  (Manganepidot,  Germ,), — A  manganese  epidote ;  formala,  HiCaifisSiflOss, 
with  fi  principally  Mn  (also  2U,Fe).  Color  reddish-brown.  St.  Marcel,  Aosta  valley,  Pied* 
mont. 

AUJINITB. 

MonocKnic,  isomorphouB  with  epidote.     C  =  89°  1' ;  O  A 14  =  122°  60  J^', 

i.2  A  'l-^  =  63°   58' ;    c  :b  \  d^ 
0-483755  :  0-312187  :  1.     Crystala 
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either  short,  flat  tabular,  or  long 
and  slender,  sometimes  acicular. 
Twins  like  those  of  epidote.  Cleav- 
age: i-i  in  traces.  Also  massive, 
and  in  angular  or  rounded  grains. 

H. =5-5-6.     G.=30-4-2.  Lustre 
submetallic,  pitchy,  or  resinous — 
occasionally  vitieous.     Color  pitch- 
brown  to  black,  either  brownish,  greenish,  grayish,  or  yellowish.     Streak 
fray,  sometimes  slightly  greenisli  or  brownish.     Siibtransluceiit — opaque, 
racture  uneven  or  subconchoidal.     Brittle.     Double  refi-action  either  dis- 
tinct, or  wanting. 

Var.—AUanite  (Oerine).  In  tabular  crystals  or  plates.  Color  black  or  brownish-black. 
G.  =3 '50-3 '95;  found  among  specimens  from  East  Greenland,  brought  to  Scotland  by  0. 
Giesecke.  Bueklandite  is  anhydrous  allanite  in  suiaH  black  crystals  from  a  luine  of  magnetite 
near  Arendal,  Norway.  Referred  here  by  v.  Bath  on  the  ground  of  the  angles  and  physical 
characters. 

Orthite,  Including,  in  its  original  use,  the  slender  or  acicular  prismatic  crystals,  often  a 
foot  long,  containing  some  water.  But  these  graduate  into  massive  forms,  and  some  orthitee 
are  anhydrous,  or  as  nearly  so  as  much  of  the  allanite.  The  name  is  from  6p06sy  straight. 
The  tendency  to  alteration  and  hydration  may  be  due  to  the  slenderuess  of  the  crystals,  and 
the  consequent  great  exposure  to  the  action  of  moisture  and  the  atmosphere.  11.  =5-6. 
G.  =:2*80-3'75.     Lustre  vitreous  to  greasy. 

Comp. — Not  altogether  certain,  as  analyses  vary  considerably,  some  showing  the  presence 
of  considerable  water.  According  to  Bammelsberg  the  Q.  ratio  for  bases  to  silicon =1  :  1 
(epidote=:lJ  :  1).  AUanite  has  then  the  garnet  formula,  K,«Si,0„,  where  R=Ce(La,Di), 
Fe(Mn),  Oa(Mg),  and  occasionally  Y,Naj,Ka,  etc.;  ft=iVlorl»'e.  AnalYsis,  allanite  (Bamm.), 
Predrikahaab,  SiO,  3378,  AlO,  1403,  FeO,  636,  FeO  13  03,  CeO  12-03,  LaO(DiO)  507,  CaO 
1212,  H,0  1-78=100. 

Pyr^  etc, — Some  varieties  give  water  in  the  closed  tube.  B.B.  fuses  easily  and  swells  up 
(P.  =2*5)  to  a  dark,  blebby,  magnetic  glass.  With  the  fluxes  reacts  for  iron.  Most  varieties 
gelatinize  with  hydrochloric  acid,  but  5  previously  ig^ted  are  not  decomposed  by  acid. 

Obi. — Occurs  in  albitic  and  common  feldspathic  granite,  syenite,  zircon- syenite,  porphyrj, 
white  limestone,  and  often  in  mines  of  magnetic  iron.  AUanite  occurs  in  Greenland ;  at 
Criffel  in  Scotland  ;  at  Jotun  Fjeld  in  Norway ;  at  Snaiiim,  near  Dresden  ;  near  Schmiede- 
feld  in  the  Thilringerwald.  Cerine  occurs  at  Bastna-s  in  Sweden.  Otthite  occurs  at  Finbo 
and  Ytterby  in  Sweden;  also  at  Erageroe,  etc.,  in  Norway  ;  at  Miask  in  the  Ural. 

In  Mas8,y  at  the  Bolton  qnany.  fii  Cotin.,  at  Haddam  In  N,  York^  Moi-iah,  Essex  Co.; 
flM)  Monroe,  Orange  Co.  In  N,  Jereey,  at  Franklin.  In  l^enn. ,  at  R  Bradford  in  Chester  Co. ; 
at  Easton.    Amherst  Co.,  Va,     In  Canada,  at  St.  Paul's,  C.  W. 

MUROMONTITB  and  BoDENFFB  from  Maricnberg,  Saxony;  and  MiCUAEi.soNiTE  from 
Brevig,  are  minerals  related  to  allanite. 

ZOISITB 

Orthorhombic.  /A  7  =  116°  40',  OAl-t  =  131°  If  ;  c:i:d  =  1-1493 
1 1 '62125  :  1.     Crystals  leiigtheiied  in  the  direction  of  the  vertical  avis,  and 
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Fertically  deeply  striated  or  furrowed.     Cleavage:  i-t  wrr  perfect.     Cora 
monly  in  crystalline  inasaes  longitudinally  furrowed. 
AJbo  compact  inaeeive. 

H.=6-6-5.  G.=3-11-33S.  Lustre  pearly  on  i-t ; 
vitreous  on  surface  of  fracture.  Color  grayisli-wliite, 
gray,  yellowish,  brown,  greenish-gray,  apple-gi-ecii ; 
also  peach -blossom- red  to  rose-red.  Streak  uncolor<!d. 
Transparent  to  snbtransUiccnt.  Double  refiiictiou 
feeble,  optic-axial  plane  i-l ;  bisectrix  positive,  i!<innal 
to  irl  J  DesCl. 

V«r.  —  LiHE-Zoi^rrE.  1.  Ordirtary.  Colors  gray  to  white 
mud  brown.  2.  Bme-red,  or  TkiiUte,  O.  =8'134  ;  fragile  ;  dichro- 
igm  BtroDg-,  eBpeciKli;  in  the  direction  of  the  Teiticnl  a^tia  ;  in  this 
ditootion  teddish,  trnnHTersel y  colorleaa ;  from  Norway,  Piedmont 
SavtturiU,  which  forms  with  smaragdite  tbeenpholidcof  the  Alps, 
is  a  lime-soda  loiaite, 

Oomp A  lime-epidote,  with  little  or  no  iron,  nnd  thus  diSeriog  from  epidote.    Q.  ratli. 

Minepidots,  H:  Cb~1  :  4.  and  Cb  :  ft  :  Si  =  4  :  0  :  13.  whence  tbe  formula  H..Ca<{l,S{aO,g. 
Analyaij,  Rsmm.,  Goahen  (Q.^3»41)  SiO,  40-0(I,:MOi  80  67,  FeO,  3-4S.  CaO  28  1)1,  MgO 
0  4B,  H,0  3'25=99  83.  The  amount  of  iron  i^e.sqoi oxide  varies  from  0  to  (l'33  p.  c  ;  if  mnch 
more  is  preiient,  amoonting  to  a  Hiith  at^raically  uf  the  protonide  bases,  the  compound 
Appears  to  take  the  monoclinia  form  of  epidote.  instead  of  the  orthorhombio  of  loiaite. 

Fyr.,  eto.^B.B.  swells  up  and  fuses  at  3-11  (i  to  a  iihite  blebby  mass.  Not  defompoMd  by 
acid ;  when  preTionsly  ignited  gelatinizes  with  hydrochloric  acid. 

Ob*. — Oocnrs  at  Saualpe  in  Caiintbia ;  Baireuth  in  the  Fichtelgebirue  ;  Sterzin;;,  Tytol ; 
LakeOsneva;  Sohwarzwald;  Arendal,  eto.  la  the  United  SCutes.  found  in  Vermont,  at 
Willsboro  and  Moatpelier.  lii  Mat*.,  at  Qosben.  Cliegieifield.  etc.  Id  I'citn.,  in  Chester  Go  ; 
at  Unionville,  white  ( Unionite).     In  Tenn. .  at  the  Ducktown  copper  mines. 

JaDEITK  is  one  of  the  kinds  of  pale  green  stones  asi  d  in  China  for  making  ornaments,  and 
pasiiog  under  tbe  general  name  of  jade  or  nephrite.  Mr.  Pumpelly  remorkii  that  the  fdUu* 
is  porhapa  tbe  moat  prised  of  all  stones  among  the  Chinese.  In  compodtion  mainly  a  silicata 
of  aluminnm  and  sodium.     In  its  high  speciGc  gravity  like  zoisite. 

GADOLlsrTB.— Monoclinic  (DeaCl,).  Color  frreenish- black.  Contains  yttrium,  cerinm.  and 
gvoerolly  beiylliam  ;  tboogh  the  last  is  sometimes  absent,  through  alteration  (Dead). 
Sweden  ;  Qreenland  ;  Norway. 

MoaAMDRrriC. — A  silicate  oontoiuing  dtaninm,  oeriom,  »ad  oaldnm.     Brevig,  Norwaj. 


!Cj55i^ 


ILTATTB.    LievTite.     Tenite. 

Orthorhombic.  7a7=112°  3S',  Oa1-1  =  146"  24';  c'.b 
1-5004: 1.  (?Al  =  141°  24',  0^^i=  138=  29'.  Lateral 
faces  usually  striated  longitudinally.  Cleavage:  parallel 
to  the  longer  diagonal,  indistinct.  Also  columnar  ur  com- 
pact massive. 

II.=5-5-6.  G.=3-7-4-2.  Lustre  submetallic.  Color 
iron-black,  or  dark  grayish-black.  Streak  black,  inclining 
to  green  or  brown.     Opaque.     Fracture  uneven.     Brittle. 

Comp. — Q.  ratio,  for  B-t-B  :  31  ;  H=9  :  8  :  1,  and  for  bases,  including 
hydrogen,  to  silloon  S  ;  4  (atidaler).  Sipdot  by  the  anslysis  of  entirely 
unaltered  crystals  (Q.=4037)  from  Elba  conflrras  the  oonclasiona  o( 
t^tiideler  in  r^ard  to  the  presenoe  of  ahemica)ly  combined  water,  and 
ndopts  the  aams  formala,  vis.: — IIiCs,Fe,Fei4i,0,a.  This  requires: 
Silica  29'34,  iron  sesquiozide  19-50.  iron  protoxide  SS'Sl,  lime  iS-QD, 
water  3*20=  100;  manganese  protoxide  is  abosometiniia  present  in  amallquantitiea  Ham 
inulaberg  oontidered  tbe  water  as  du«  to  alteration. 


^xi^ 
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Pyr.,  etc.-— B.B.  foses  quietly  at  2*5  to  a  black  magnetic  bend.  With  the  fluxes  reacts  foi 
Izon.    Some  yarieties  give  also  a  reaction  for  manganese.     Gelatinizes  with  hydrochloric  acid. 

Obs. — Found  in  Elba,  and  at  the  mine  of  Temperino  in  Tuscany.  Also  at  Fossum  and  at 
Skeen  in  Norway ;  in  Siberia ;  near  Andreasberg  ;  near  Predazzo,  Tyrol ;  at  Schneeberg ;  at 
Hebrun  in  Nassau ;  at  Kangerdluarsuk  in  Greenland. 

Heported  as  formerly  found  at  Cumberland,  B.  I. ;  also  at  Milk  Row  quarry,  Scmerrille 
Uass. 

Ardenhite  (Dewalquite). — Near  ilvaite  in  fomu  Habit  prismatic ;  Tertically  striated. 
Oompopition  given  by  the  analyses,  Lasaulx  and  Bettendorf,  SiOa  39 '60,  :A^10a  28*50,  MnO 
25-88,  FeO,  1(>8,  CaO  1-81,  MgO  3-38,  V,0»  920,  ign.  404=9909.  Color  dark  rosin-brown. 
In  thin  splinters  transparent.  Other  varieties,  of  a  bright  sulphur-yellow  color  (but  opaque 
and  dull),  contain  arsenic  (9*83  p.  c.  As.Os)  instead  of  vanadiuuL  Between  these  two  ex- 
tremes are  a  series  of  compounds  containing  both  arsenic  and  vanadium.  Lasaulx  regards 
the  axsenlc-ardennite  as  having  come  from  the  other  through  alteration.  Locality,  Ottrez  in 
the  Ardennes,  Belgium.    Boscoelite  (p.  867)  is  another  silicate  containing  vanadium. 


AZZNTTE. 


Triclinic.  Crystals  usually  broad,  and  acute-ed^ed.  Making  m  =  O, 
P=z'I,u  =  l\a  (brachyd.) :  h  (macrod.) :  c  =  049266 : 1 :  0-45112.  Cleav 
age:  irl{v)  quite  distinct;  in  other  directions  indistinct.  Also  massive, 
lamellar,  lamellse.  often  curved  ;  somefimes  granular. 


568 


659 


690 


Dauphiny. 


Dauphiny. 


Cornwall. 


H. =6*5-7.  Q.=3-271,  Haidinger;  a  Cornish  specimen.  Lustre  highly 
fflassy.  Color  clove-brown,  plum-blue,  and  pearl-ffray ;  exliibits  trichroiem, 
diflFerent  colors,  as  cinnamon- brown,  violet-blue,  olive-green,  being  seen  in 
diflFerent  directions.  Streak  uncolored.  Transparent  to  subtranslneent. 
Fracture  conchoidal.  Brittle.  Pyroelectric,  with  two  axes,  the  analogue  (L) 
and  antilogue  (T)  ix)les  being  situated  as  indicafed  in  f.  558  (G.  Rose). 

Compi — Analyses  vary.  If  it  contains  8  p.  c.  water  (Ramm.),  and  if  Bs  replaces  3^1,  then 
it  is  a  unisilicate  with  the  formula  EtT^tSibOs?,  B=Fe,Mn.Ca,]^,  and  Ks,  while  ft=::Bt,3^l 
(Ba  :  Al=l  :  2).  Analysis  (Ramm.),  Oisans.  Dauphin^,  SiOg  43-46,  B.Os  661,  AlO.  10*33, 
Feb,  2-80,  PeO  6-78,  MnO  2-62,  OaO  2019.  MgO  1-78,  K^O  0-11,  H^O  1-45=101 -08. 

'Pyr.y  etc. — B.  H.  fuses  readily  with  intumescence,  imparts  a  pale  green  color  to  the  O.F. . 
and  fuses  at  2  to  a  dark  green  to  black  glass;  with  borax  in  O.F.  g^ves  an  amethystine  Dead 
(manganese),  which  in  B.F.  becomes  yellow  (iron).    Fused  with  a  mixture  of  potassium  biso)' 
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phate  and  flaor  on  the  platinam  loop  colors  the  flame  green  (boron).  Not  decomposed  by 
adds,  but  when  previouely  ignited,  geUtinizea  with  hydrochloric  acid. 

Oba. — Axinite  oconrs  near  Bonrg  d^Oiaana  in  Danphiny  ;  at  Santa  Maria,  Switzerland;  at 
Kongsbeig ;  in  Normark  in  Sweden  ;  in  Cornwall ;  in  Devonshire,  near  Tavistock ;  at  Phipa- 
bnig,  Maine ;  at  Walea,  Maine ;  at  G.Jd  Spring,  N.  Y. 

DAKBDRITB.*-Triclinic.  CaBiSi,Os= Silica  488,  boron  trioxide  28*5,  lime  227=100. 
Oconza  with  f eldaoar  in  imbedded  masses  of  yellow  color  in  dolomite,  at  Danbnry,  Ct. 


XOLITII.  'Gordierite.    Dichroite. 


Orthorhombic    In  stout  prisms  often  hexagonal.     /A  7=  119®  10'  and 
""  50',  O  A 1-*  =150°  49'.    Cleavage  :  i-i  distinct ;  i-i 


661 


60 

arfd  O  indistinct.  Crystals  often  transversely  divided 
or  foliated  parallel  with  0.  Twins :  twiniiing-plane 
Z     Also  massive,  compact. 

H.=7-7-5.  G.=2-56-2-67.  Lnstre  vitreous.  Color 
various  shades  of  blue,  light  or  dark,  smoky-bhie  ;  pleo- 
chroic,  being  often  deep  blue  along  the  vertical  axis, 
and  brownish-yellow  oryellowish-gray  perpendicular  to 
it.  Streak  uncolored.  Transparent — translucent.  Frac- 
ture subconchoidal. 

Oomp. — Q.  ratio  for  bases  and  silicon  4  :  5  or  1  :  1^.  The  state  of  oxidation  of  the  iron  it 
rtiU  unascertained,  and  hence  there  is  uncertainty  as  to  the  proportion  between  the  protozidei 
And  sesquioxides.  The  ratio  UBually  deduced  for  B  :  i^  :  Si  is  1  :  3  :  5.  The  formula  Bjii^Sii 
0}«,  which  corresponds  to  this  ratio,  =,  if  B=Mg,Fe  and  Mg  :  Fe=2  :  1,  Silica  49*4, 
^nmina  839,  magnesia  8 '8,  iron  protoxide  7-9=100. 

P3rr.,  etc. — B.B.  loses  transparency  and  fuses  at  5-5 '5.  Only  partially  decomposed  by 
acidjB.    Decomposed  on  fusion  witb  alkaline  carbonates. 

Oba. — loUte  occurs  in  gfranifce,  gneiss,  hornblcndic,  chlorite  and  hydro-mica  schist,  and  allied 
rockB^  with  quartz,  orthoclase  or  albite,  tourmaline,  hornblende,  ondalusite,  and  sometimes 
beryl.  Also  rarely  in  yolcanic  rocks.  Occurs  at  Bodenmais,  Bavaria ;  at  Ujordiersoak  in 
Greenland ;  at  Erageroe  in  Norway  ;  Tunabeig  in  Sweden  ;  Lake  Laach.  At  Haddam,  Conn.; 
ftt  Brimfleld,  Mas&;  also  at  Bichmond,  N.  H. 

Alt. — The  alteration  of  ioUto  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral 
is  most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  For  the  dis- 
tinguishing characters  of  the  different  kinds  of  altered  iolite,  see  Pinit£,  Fahlunitb, 
etc,  under  Htdrous  Szlicates. 


Mica  Ghrov/pJ^ 

The  minerals  of  the  Mica  group  are  alike  in  having  (1)  the  prismatic 
angle  120° ;  (2)  eminently  perfect  basal  cleavage,  affording  readily  very 
thin,  touffh  laminss ;  (3)  potash  almost  invariably  among  the  protoxide 
bases  and  alumina  among  the  sesquioxide ;  (4)  the  crystallization  approxi* 
mately  either  hexagonal  or  orthorhombic,  and  therefore  the  optic  axis,  or 
optic-axial  plane,  at  right  angles  (or  nearly  so)  to  the  cleavage  surface. 

Sodium  is  sparingly  present  in  some  micas,  and  is  characteristic  of  the  hydrous  specie* 
paragonite  (p.  854).  Lithium,  rubidium,  and  ossium  occur  in  lepidolite,  and  lithium  in  som4 
biotite.  Fluorine  is  often  present,  probably  replacing  oxygen.  Titanium  is  found  sparingly 
in  several  kinds,  and  is  a  prominent  ingredient  of  one  species,  astrophylljte.  It  is  usuaUj 
regarded  as  in  the  state  of  titanium  dioxide  replacing  ailioa ;  but  it  is  here  made  baaia 
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The  ipecdeB  of  the  Hloa  group  gradnate  into  the  hTdrons  mioaii  of  the  HftiKUodite  gtMf 
(p.  331) ;  and  throogh  these  the;  aUo  approach  the  foUaMd  apedei  of  the  Talo  and  Ohiorita 
groups,  eepecuU?  the  latter. 

PHLOOOPmi.* 

Orthorhombic.     J  A  1^120°,  and  Iiabit  hexagoDal.     Prisms  usiiallj 

oblong  six-sided  prisma,  more  or  less  tapering,  witli  irregular 

543  sides ;   rarely,  when   small,  with   polished   lateral   planes. 

Cleavage  basal,  highly  eminent.     Not  known  in  compact 

massive  fonns. 

E.=2-5-3.  G.=2-78-2-85.  Lnstre  pearly,  often  Bub- 
metallic,  on  cleavage  surface.  Color  yellowish- brown  to 
brownish-red,  with  often  something  of  a  copper-like  reflec- 
tion; also  pale  bi-owiiish-yellow,  green,  white,  colorlees. 
Transparent  to  translucent  in  thin  folia.  Thin  laminffi 
tongh  and  elastic.  Optical-axial  divergence  3°-20°,  rarely 
less  than  5°, 

Oomp. — The  basea  iuclnde  Inagnesinm  and  little  or  no  iron,  Q,  tado 
E:  Si  =  l  :  1.  Fonnulaprobab]y(ttainni.JK,Mgr,AISi,Og(=3iUoa  40-73, 
Blnmina  13-93,  magnesia  S3'57,  potash  13-77=1<10. 

Pyr.,  eto. — In  ^e  closed  tnbe  gives  a  little  water.  Some  varietiei 
give  the  reaction  for  fluorine  in  the  open  tube,  while  most  give  little  oi 
no  Teaotion  for  iron  with  the  fluxes.  B.  B.  wbiteas  and  fuses  on  the  thin 
edge*.  Completely  deoomposed  by  snlphnrio  aoid,  leaving  the  silica  in 
thki  scales. 
ObL — Phlogopite  ie  especially  charocteristio  of  serpentine  and  crystalline  limestone  oi 
dolomite. 

OccticB  in  limestone  in  the  Tosgea.  Includes  probably  the  niioa  fonnd  in  limestone  at  Alt- 
Eemniti,  near  Kirschbeig  ;  that  of  Baritti,  Brazil,  of  a  golden-yellow  color,  having  the  optical 
angle  5"  80'  and  parallel  to  the  shorter  diagonal  (Grailiohj ;  and  a  brown  mica  from  limestone 
of  Upper  Hungary,  afloiding  Oiailich  the  angle  4  '-5°. 

OcouiB  in  New  York,  at  Gouvemeur ;  at  Pope's  Mills,  St.  lawrence  Co.  ;  atEdwalda; 
Warwick;  Natural  Bridge  ;  at  Sterling  Mine,  Morris  Co.,  N,  J.  ;  Newton,  N.  J.;  at  St  Je- 
rome, Canada  ;  at  Bargese,  Canada  West. 

AePIDOLrra  (v.  Kobell],  —Approaches  in  oompositJon  a  soda-pblogopite.  Green.  Foliated. 
Zillerthal,  Tyrol, 

Manoakophtllitb.— (J,  ratio  f or  B  :  H  :  8i=3  ;  1  r  4  (nearly).  Foliated  like  the  mlcM. 
Color  bronze-red.  Analysis,  Igelstrom,  SiO,  38-50,  A\0,  1100,  FeO  S  78,  HnO  21-40,  CaO 
8'20,  MgO  1501,  KjOlNaiO)  5-51,  ign.  1-80=100.    Paialwrg,  Sweden. 

BIOTTTE.* 

Hexagonal (?).    JiAJi  =  62°57'tcrTStalsfr.  Vesuvius,  Hesseiiberg);  6  = 

4-911126.     Habit  often  monoelinic.    Prisma  eommonly  tabniar.    Cleavage : 

basal  highly  eminent.     0£ten  in  disseminated 

scales,  sometimes  in  massive  aggregations  of 

uleavable  scales. 

H.=2-5-3.  G-.=2-7-3-l.  Lustre  splendent, 
and  inoi-e  or  less  pearly  on  a  cleavage  surface, 
and  sometimes  submetallic  when  black ;  lateral 
surfaces  vitreous  when  smooth  and  shinin^. 
Colors  usually  green  to  black,  often  deep  black 
in  thick  crystals,  and  sometimes  even  in  thin 
laminte,  unless  the  laiiiinsB  are  very  thin ;  such 
tbin  laminte  gi-een,  bl<x)d-red;  or  brown  by  transmitted  liijht ;  rarely  whita 
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Streak  uucolored.  Transparent  to  opaque.  Optically  uniaxial.  Some- 
times biaxial  \nth  slight  axial  divergence,  from  exceptional  irregularities, 
but  the  angle  not  exceeding  5^  and  seldom  1^. 

Oomp.,  Var. — Biotite  is  a  magne«ia-iion  mioa,  part  of  the  alnminam  (:M)  being  replaoai 
by  iron  (Fe),  and  Fe  and  Mg  existing  among  the  protoxide  bases.  Black  is  the  prevailing  oolor, 
but  brown  to  white  also  oocor.  The  results  of  analyses  vary  muoh,  and  for  the  rea-^on  already 
stated — ^the  non-determination,  in  most  cases,  of  the  degree  of  oxidation  of  the  iron ;  and 
the  exact  atomic  ratio  for  the  species  and  its  limits  of  Tariation  are  therefore  not  precisely 
understoo<L  The  Q.  ratio  of  br#es  to  sUioon  is  generally  1:1,  that  is  the  formula  in  general 
BaSi04,  where  E=Kj(Naa,Lia)Fe,Mg(Ca),  or  2irl,Fe(3R=ft). 

Analyses:  1,  Ballyellin;  2,  Vesuvius;  8,  Portland,  Conn. : 

SiOt  MO,  FeOs  FeO  GaO           MgO  K^O  Na^O   LiaO    ign 

(1)  85-55  17-08   23-70  560  8  08  9-45  0-35     4-30=99-61,  Haugbtou. 

(2)  40-91  17'79     8-00  703  030          1904  9  96 =9808,  Ohodnew. 

(8)185-61  20-03     0-18  2185  llOMnO    523  9-69  0-52     0-93    1*87,  F  0  76,  TiO,  146, 

Gltr.=99'27,  Hawes. 

The  above  analyses  give  the  ratio  of  unisiUoates,  when  the  water  is  neglected ;  in  othen 
the  ratio  of  1  :  1  is  obtained  only  when  the  water  is  brought  into  account. 

P3rr.,  etc. — Same  as  phlogopite,  but  with  the  fluxes  it  gives  strong  reactions  for  iron. 

Obs — k  common  constituent  of  many  volcanic  rocks.  Fine  specimens  obtained  at  Vesu- 
vius; L.  Baikal;  Zillerthal;  Pargas  ;  Mlask;  Sala.  Also  from  Greenwood  Furnace,  N.  Y.; 
Moriah,  N.  Y. ;  Easton,  Penn. ;  Topisham,  Me. ,  etc. 

The  biotite  of  Vesuvius,  according  to  the  optical  examination  of  Hintze,  is  numocUnie, 
(See  also  Tschermak,  Min.  Mitth.,  1876, 187.) 


ZiSPIDOBSBIaANXI. 

Hexagonal  (3).  In  small  six-sided  tables,  or  an  aggregate  of  minnte  scales. 
Cleavage :  basal,  eminent,  as  in  other  micas. 

H.=8.  G.=3'0.  Lnstre  adamantine,  inclining  to  vitreous,  pearly. 
Oolor  black,  with  occasionally  a  leek-green  reflection.  Sti-oak  grayish- 
green.  Opaque,  or  translucent  in  very  tnin  laminae.  Somewhat  brittle,  or 
but  little  elastic.  Optically  uniaxial ;  or  biaxial  with  a  very  small  axial 
angle. 

Obmp, — An  iron-potash  mica.  Q.  ratio  for  bases  and  silicon  1:1;  for  B  :  B,  mostly  1  :  8, 
but  vatying  to  1  to  more  than  8 ;  of  doubtful  limits,  on  account  of  the  doubts  as  to  the  state 
of  the  iron  in  most  of  the  analyses.  Differs  from  biotite  in  the  smaller  proportion  of  prot- 
oxides and  little  -Ad  and  Mg,  but  appears  to  agree  with  it  in  optical  characters. 

Pyr.,  etc. — B.B.  at  a  red  heat  becomes  brown  and  fuses  to  a  black  magnetic  globule. 
Easily  decomposed  by  hydrochloric  acid,  depositing  silica  in  scales.  Analysis,  Cooke.  Bock* 
port,  Mass.,  SiOa  30-91,  AlO,  1673,  FeO,  12  07,  PeO  17-48,  MnO  0-54,  MgO  0*62,  K,0  10-6«, 
NaiO(LLiO)  0-59,  H,0  150,  P0'45=100. 

Obs. — ^Occors  at  Persberg  in  Wermland,  Sweden ;  at  Abborforss  in  Finland ;  in  Ireland,  io 
Donegal  and  Leinster  Cos. ;  at  BoUyellin,  etc.     From  Gape  Ann,  Mass.  {Annite). 

AaTROPHTLLlTB. — Usually  in  tabular  prisms.  Color  bronze-yellow.  Analysis,  Pisani,  SiOs 
83  22,  TiOj  7-66,  MO,  4  83,  FeO,  405,  PeO  25-48,  MnO  10  70,  MgO  1-37,  CaO  122,  Na,0 
V^'71,  E3O  ^1-29,  HaO  2'01=99'03.     Brevig,  Norway ;  Bl  Paso  County,  Colorado. 


MUSOOVrra.    Kaligllmmer,  OermJ* 

iMonoclinic  (Tscliennak).  /A/ =120*.  Cleavage:  basal  eminent, 
occaBionally  also  separating  in  fibres  parallel  to  a  diagonal.  Twins :  often 
observ^abie  by  internal  markings,  or  by  polarized  light  ;  composition  parallel 
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to  2  consisting  of  six  individuals  thus  united  ;  sometimes  a  union  of  /  <c 
i-i.  Folia  often  aggregated  in  stellate,  plumose,  or  globular  forms;  or  iy 
scales,  and  scaly  massive. 


564 
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Ifiask,  UraL 


BinnenihaL 


H.=2-2-5.  G.=2-75-3*l.  Lustre  more  or  less  pearly.  Color  white, 
gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow,  dark  olive-green, 
rarely  rose-red ;  often  different  for  ti-ansmitted  and  reflected  light,  and  dif- 
ferent also  in  vertical  and  transverse  directions.  Streak  uncolored.  Trans- 
parent to  tmnslucent.  Thin  laminse  flexible  and  elastic,  very  tough.  Double 
refraction  strong ;  optic-axial  angle  44''-78^ ;  the  axial  plane  makes  an  angle 
of  88^  aO'  (Tschermak)  with  tlie  base. 

Oomp. — The  quantivaleiit  ratio  for  bases  and  silicon  is  generally  4  :  6  (1 .  H),  rarely  3  .  4, 
eto.  Water  is  generally  present,  sometimes  as  muoh  as  5  p.  c. ;  and  the  kinds  containing 
from  8  to  5  p.  o.  water  have  beien  referred  to  the  species  margarodite  (p.  853).     If  the 

I 
water  is  regarded  as  chemically  combined,  that  is,  as  basic,  the  Q.  ratio  for  E :  ft  :  SI  is  then 

=1  :  8  :  4  (R  :  Si=l  :  1),  also  1  :  6  :  8,  1  :  2  :  4,  1  :  8  :  5,  etc  R  here  is  potassium  (K) 
mostly,  but  also  hydrogen  (H).  ft=alununnm  mostly,  also  iron.  Fluorine  is  often  present, 
but  at  most  not  more  than  about  1  p.  o.  Analysis,  Smith  and  Brush,  Monroe,  Ct.,  SiOj  46  '50, 
AID,  83-91.  FeO,  2-69,  MgO  0-90  Na^O  2*70,  K,0  7-32,  HiO  463,  P  0-82,  CI  0'31=99-78. 

Pyr.,  etc — In  the  closed  tube  gives  water,  which  with  brazil-wood  often  reacts  for  fluorine. 
B.B.  whitens  and  fuses  on  the  thin  edges  (F.  =5*7,  v.  Kobell)  to  a  gray  or  yellow  glassi  With 
fluxes  (fives  reactions  for  iron  and  sometimes  manganese,  rarely  chromium.  Not  decomposed 
by  acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Obf . — ^Muscovite  is  the  most  common  of  the  micas.  It  is  one  of  the  constituents  of  granite, 
gneiss,  mica  schist,  and  other  related  rooioi,  and  is  occasionally  met  with  in  granular  lime- 
iitone,  trachyte,  basalt,  lava;  and  occurs  also  disseminated  sparingly  in  many  fragmental 
rocks.  Coarse  lamellar  aggregations  often  form  the  matrix  of  topas,  tourmaline,  and  other 
mineral  species  in  granitio  veins. 

Siberia  affords  lamina  of  mica  sometimes  exceeding  a  yard  in  diameter*  and  other  remark- 
able foreign  localities  are  Finbo  in  Sweden,  and  Skutterud  in  Norway.  Fucfuiite  or  e/iromivm 
mica  occurs  at  Greiner  in  the  Zillerthal,  at  Passeyr  in  the  Tyrol,  and  on  the  Dorf ner  Alp,  as 
w«U  as  at  Sohwanenstein. 

In  N.  Hamp.^  at  Aoworth,  Graft'^n,  etc.,  in  granite,  the  plates  at  times  a  yard  across  and 
perfectly  transparent.  In  Afaine^  at  Paris ;  at  Buckfield.  In  Ma«s. ,  at  Chesterfield  ;  at  Goshen. 
In  ChnTi,,  in  Portland;  near  Middletown.  In  H,  Vork,  near  Warwick;  Bdenville ;  in  the 
town  of  Edwards.  In  Fenn,,  at  Pennsbury ;  at  Union ville ;  Delaware  Co.,  at  Middletown. 
In  Maryland^  at  Jones's  Falls.    Li  western  North  Carolina,  where  it  is  mined. 


X«BPIDOIiXTBi*  Lithia  Mica.    Lithionglimmer,  Qtrm, 

Orthorhombic.    IaI^  120**.    Forma  like  those  of  muscovite.    Clear* 
age:  basal,  highly  eminent.     Also  massive  scaly-granular,  coarse  oi  line. 
H.s=2'5--4.    0.=2*84-3.    Lustre  pearly.    Color  rose-red,  violet-gray,  o? 
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lilac,  jellowish,  gravish -white,  white.  Translucent.  Optic-axial  angle 
70°-78° ;  sometimes  45^-60^ 

I 

Oomp.— Q.  ratio  for  bases  and  silioon  mostiT  1  :  1^ ;  and  for  B :  B  :  81=1  :  8  :  6,  or  1 :  4 

I  I 

:  8 ;  the  formula  in  the  latter  case  is  R6M48iiiOst.  B  indudes  potassiam,  also  lithium, 
mbidium,  and  cassium ;  and,  in  the  Zinnwald  mica,  tiiallium  has  been  detected.  Fluorine  is 
present,  and  tJie  ratio  to  oxygen  mostly  1  :  12.  Analysis,  Renter,  from  Bozena,  SiOa  50*48, 
AlO,  28-07,  MnO,  0-88,  MgO  142,  KjO  10-69,  Na,0  1-46,  Li.O  1-23,  P  4-80=08-94. 

Pjrr.,  etc. — ^In  the  dosed  tube  gives  water  and  reaction  for  fluorine.  B.B.  fuses  with  in- 
tomesoenoe  at  2-2*5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
purplish-red  at  the  moment  of  fusion  (lithia).  With  the  fluxes  some  varieties  give  reactions 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  adds.  After  fusion, 
gelatinizes  with  hydrochloric  add. 

Obs. — Occurs  in  granite  and  gneiss,  especially  in  granitic  veins,  and  is  assodated  some- 
times with  cassiterite,  red,  green,  or  black  tounnaline,  amblygonite,  etc.  Found  near  Ut5 
in  Sweden  ;  at  Zinnwidd  in  Bohemia ;  Penig,  etc.  in  Saxony ;  in  the  Ural ;  at  Bozena  in 
Moravia ;  on  Elba ;  at  St.  MichaePs  Mount  in  Cornwall.  In  the  United  ^States,  at  Paris  and 
Hebron,  Me. ;  near  Middletown,  Conn. 

Named  lepidolite  from  Aenic^  msaUj  after  the  earlier  German  name  Schuppenitein^  alluding 
to  the  scaly  structure  of  the  massive  variety  of  Bosen& 

Cbtophyllite  (Cooke).— Q.  ratio  B  :  B :  Si=8  :  4  :  14,  with,  B=FA,Kt,Li,(Na,Bb,OS|)fl 
and  B=i^     Orthorhombio.     In  scales  like  the  micas.    Color  by  transmitted  light  emenld 
green.     Cape  Ann,  Mass. 


Soapolite   Chrowp. 

In  the  species  of  the  Scapollte  group,  the  quantivalent  ratio  varies  11*001 
1:1:2,  1:2:3,  1 :  3  :  4,  to  1 :  2  :  4  and  1:2  :  6i,  but  the  species  are 
closel}'  alike  in  the  square-prismatic  forms  of  their  crystals,  in  the  small 
number  and  the  kinds  of  occurring  planes,  and  in  their  angles.  The  species 
are  white,  or  grayish-white,  in  color,  except  when  impure,  and  then  rarely 
of  dark  color ;  the  hardness  5-6*6.  G.=2'6-2'8.  The  alkali-metal  present, 
when  any,  is  sodium,  with  only  traces  of  potassium.  An  increase  in  the 
amount  of  alkali  is  accompanied  by  an  increase  in  the  silica. 


Tetragonal :  0  A  l-i  =  156*  18' ;  c  =  0-439.    Sometimes  hemihedral  in 
the  planes  3-3,  the  alternate  being  wanting.     Cleavage :  i-i 
and  /  rather  perfect,  bnt  often  interrupted. 

H.=5-5-6.  G.=2-6-2*74.  Lustre  vitreous.  Colorless 
to  white.  Transparent  to  translucent ;  often  much  cracked 
within. 


Oomp.— Q.  ratio  for  B  :  H  :  Si=l  :  2  :  8 ;  formala  Be&iSisOie.  If  H=3 
Oa  :  Na9=10  : 1,  and  fi=Al :  thitf  is  eqaiyalent  to  Silica  41*6,  alumina 
81*7,  lime  24 '1,  soda  %'^^\w,  Neminor  has  found  that  meionite  loses 
1  p.  o.  water  at  a  very  high  temperature,  so  that  R  must  be  also  replaced 
t^  Hi ;  his  analysis  gives  approximately  the  ratio  1:2:8. 

Pyr.,  etc.— B.B.  fuses  with  intamescence  at  8  to  p.  white  blebby  glass. 
pROoraposed  by  acid  without  gelatinising  (v.  Bath). 

Obs. — Oconrs  in  small  ciystals  in  geodes,  nsnallj  in  limeotone  blooks,  on  Honte  Somuia, 
Bear  Naples. 


tfEaOBIPTJrs   HfflK&ALOQT. 


Tetragonal:    (?Al-i 


WERNEItrrB.*  Seftpolito. 

=  156'  14i' ;   6  =  0-4398.     Often  beraihedrai  in 
nee  3-3  and  i-2  (p.  30).     Cleavage:  i-i  aud  /i-athei 

distinut,  but  interrupted.  Also  maseive,  granular,  or 
with  a  faint  fibronB  appearance ;  Bometiines  colnir.nar, 
H.=5-6.  G.=2-63-2-8.  Luatre  viti-eons  to  pearly 
externally,  inclining  to  resinous;  cleavage  and  cross- 
fracture  surface  viti-eoua.  Color  white,  gray,  bluish, 
gi-ecuish,  and  reddish,  uanally  liglit.  Streak  nncoloi-ed. 
Ti-anspareiit — faintly  subtransuicent.  Fracture  sub- 
conchoidal.     Brittle. 

Oomp.— Q.  ratio  for  B  :  H  :  Bi=l  :  8 :  4  (B+R  :  Si=l  :  1>: 
formiil*  BflSf,0.=C»(NK,)AlSi,0,.  An^sii.  v.  B&tb.  PugM.  SiO,  4040,  AlOj  80-90,  CaO 
IT'23,  Na,0  2-29,  KiOl-ill,  HiO  l'SQ=&6-58.     Some  rarieties  vaiy  widely  from  the  «bov« 

Pjr.,  •to.— B.B.  fQSM  euilj'  with  intnmeacenoe  to  a  white  blebby  gUse.  Imperfeotly  do- 
oomposed  by  hjdroohlodc  aoid. 

Diff. — Beoogniied  by  its  tquara  fonn ;  resemblM  feldtpar  whtn  maasiTe,  bat  ha«  a  cburao- 
terutic  fibrcua  appearance  on  the  olcav^  Eurtace  ;  it  is  aloo  more  fusible,  and  has  a  highat 
■pecific  gravity. 

Obi^---Ooaan  in  mBtamorpbio  rooks ;  sometimi^  in  beds  of  magnetite  accompaDying  lime- 
Btone.  Some  loooLtiea  are  ;  Azendal.  Norway ;  Wermlaud  ;  Par^aa,  Finland  ;  L.  Baikal,  etc. 
In  the  following  those  of  tha  wemerite  and  eKebetjpte  are  not  yet  dlstingiiished.  In  Jfoji., 
at  Bolton ;  Westfleld.  In  Conn  ,  at  Monroe.  In  ff.  York,  in  Warwick ;  in  Orange  and 
Ruez  Co, ,  eto.  In  N.  Jerteg,  at  Franklin  and  Newton.  In  Canada.,  at  Q.  Caltunet  Id. ; 
at  Huntergtowa;  Oienville. 

The  following-  are  other  membeiB  of  the  scapilite  gronp  : 

B&KCOLrrB.— Q.  ratio  for  A :  fi  :  Si=l  :  1  :  8.  In  minnte  fleah-ied  orystak  at  Ht 
Somma. 

Pa  RANT  SITE  .—Q.  rabio=l;  8  :  4.      EKBBBBaiTB.     Q.  ratio  =  l  :  3  :  4i,  containing  0-8  p. 
o.  Hoda.   MtZZONTTR.   Q.  ratiosl  :  2:6},  coatalninglOp.  csodo.    lQC97ntBlsat  "'   " 
DIPTKB.     Q.  nitio=l  :  2  :  0,  and  for  Ga  ;  Ifai=l  :  1.    Uasialitb.     Q.  ralio= 
for  Ca  :  Ma,=:l  :  2. 


1 :  2  :  e,  and 


Nephdite  Orowp. 
HBPHBUTB.    Nephallne. 
Hexagonal.     (?A  1  =  135°  55' ;  o  =s  0*839.     Usual  forms  six-sided  and 
lj([g  twelve-sided  prisma  with  plane  or  modified  sum- 

raita.  Fig.  569,  summit  planes  of  a  crystal.  Cleav- 
age; /distinct,  (?  imperfect.  Also  massive,  com- 
pact; also  thin  eolnmuar. 

H.=35-6,      G.=2.5-2-G5.     Lustre  vitre.uis— 

f;rea8y ;  alittle  opalescent  in  some  varieties.    Color- 
uss,  white,  or  yellowisli ;  also  wlien  massive,  dark- 
green,  gi-eenisli  or  bluish-gray,  brownish  and  bi-ick- 
red.       Transparent — opa<|ue.      Fracture    subuon-   ■ 
cboidttl.     Double  i-efi-actiou  feeble :  axis  negative. 

Tar.— 1.   QUit»g,  fit  Sammite.     Unially  In  small  ccyatala  oi 
Teenvius,  grains,  with  vitreona  Inatte,  flnt  fonnd  on  Ht.  Sommo,  in  the 

r^on  of    Veaavios.      Davynt  and  eaeeiiniU    hekfog   here> 
t,  StcioiUe.    In  large  coarBO  e^itaJs,  oi  maaaiTe,  with  a  giea^y  lutr*. 
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Oomp. — Somnwhat  uncertain,  as  all  analyses  give  a  little  excess  of  silica  beyond  what  is 
required  for  a  nnisilioate.    Assuming  that  nephelite  is  a  true  unisilioate,  the  Q.  ratio  foi 

B  :  fi  :  Si=l :  8  :  4,  and  the  formula  is  (Na,K)aM3iaOit  (Bamm.);  some  of  the  Naa  being 
replaced  by  Oa.  Analysis,  Scheerer,  Vesuvius,  SiO,  44*03,. silO.  88*28,  FeO>  (MnO«)  065, 
GaO  1-77,  NaaO  15*44,  K,0  4*94,  H,0  0*21=100*32.  The  variety  EUjboUU  has  the  same 
oomposition. 

Pyr.,  etc. — B.B.  fuses  quietly  at  8*6  to  a  colorless  glass.    Qelatinizee  with  adds. 

Zm. — Distinguished  by  its  gelatinising  with  acids  from  scapolite  and  feldspar,  as  also  from 
apatite,  from  which  it  differs  too  in  its  greater  hardness.  Massive  varieties  have  a  character' 
Litic  greasy  lustre. 

Obs  — Nephelite  occurs  both  in  ancient  and  modem  volcanic  rocks,  and  also  metamorphic 
rooks  allied  to  granite  and  gneiss,  the  former  mostly  in  glasqr  ciystals  or  grains  {wmmiU)^  the 
latter  massive  or  in  stout  crystals  (daoUte).  Nephelite  occurs  lu  crystals  in  the  older  lavas  of 
Bomma ;  at  Capo  di  Bove,  near  Borne ;  iu  doleryte  of  Eataenbuckel,  near  Heidelberg,  etc. 
Elssolite  is  found  in  Norway ;  in  the  Ilmen  Mts. ;  Urals ;  at  Litchfield,  Me. ;  in  the  Ozark 
Mts.,  Arkansas. 

Named  n&phdine  by  Haiiy  (1801),  from  ve^T^^  a  doudy  in  allusion  to  its  becoming  cloudy  when 
immersed  in  strong  acid ;  daoUte  (by  Klaproth),  from  hToaiov^  oil^  in  allusion  to  its  greasy  lustre. 

GiESECXiTB  is  &own  by  Blum  to  be  a  pseudomorph  after  this  species  (see  p.  880). 

Cancrinitb.— Hexagonal,  and  in  six-  and  twelve-sided  prisms,  sometimes  with  basal  edges 
replaced;  also  thin  columnar  and  massive.  H.=5-6.  0.=2'42>2'5.  Color  white,  gray, 
ycdlow,  green,  blue,  reddish;  streak  uncolored.  Lustre  subvitreons,  or  a  little  pear^  oi 
greasy.     Transparent  to  translucent. 

GoMP. — Same  as  for  nephelite.  with  some  BCOs  and  water.  Analysis,  Whitney,  Litchfield, 
Me.,  SiO,  87*42,  MOt  27*70,  CaO  8*91,  Na^O  20*98,  KiO  0*67,  00.  5*95.  H,0  2*82,  Fed 
(MnO.)  0*86=100*81. 

Ptb.,  etc. — In  the  closed  tube  g^ves  water.  B.B.  loses  color,  and  fuses  (F.=2)  with  intu- 
mescence to  a  white  blebby  glass,  the  very  easy  fusibility  distinguishing  it  readily  from 
nephelite.    Effervesces  with  hydrochloric  add.  and  forms  a  jelly  on  heating,  but  not  before. 

Obs. — Found  at  Miask  in  the  Urals;  at  Barkevig,  Norway;  at  Ditro  in  Transylvania 
{dUroyte) ;  at  Litchfield,  Me. 


SODAUTB. 

Isometric.  In  dodecahodi*ons.  Cleavage:  dodecahedral,  more  or  less 
distinct.    Twins :  see  f .  272,  p.  93.     Also  massive. 

H.=5*5-6.  Q.=2*136-2"401.  Lustre  vitreous,  sometimes  inclining  to 
greasy.  Color  gray,  greenish,  yellowish,  white ;  sometimes  blue,  lavenaer- 
blue,  light  red.  ISubtranspareut — translucent  Streak  uneolored.  Frac- 
ture conchoidal — uneven. 

Oomp.'-3Na9:^Si,Os+2NaGl=SUica371,  aluminaSl'Tl,  soda25*55,  chlorine  7*81=101  65. 
fSome  varieties  contain  considerably  less  chlorine. 

Pyr.,  etc. — In  the  closed  tube  the  blue  varieties  become  white  and  opaque.  B.B.  fuses 
with  intumescence,  at  8 '5-4,  to  a  colorless  glass.  Decomposed  by  hydrocMorio  acid,  with 
separation  of  gelatinous  silica. 

Obs. — Occurs  in  mica  slate,  granite,  syenite,  trap,  banalt,  and  volcanic  rocks,  and  is  often 
afasociated  with  nephelite  (or  elseolite)  and  eudialyte.  Found  in  West  Greenland ;  on  Monte 
Somma;  in  Sicily;  at  Miask,  iu  the  Ural;  near  Bre>ig,  Norway.  A  blue  variety  occiKri 
at  Litchfield,  Me.,  and  at  Salem,  Mass. 

MiCJiosoMMiTB. — Occurs  in  very  minute  hexagonal  crystals  in  masses  of  leucitic  lava 
ejected  from  Mt.  Somma.  Composition  :  a  unisilicate  of  potassium,  calcium,  and  aluminum^ 
with  small  quantities  of  sodium  chloride  and  calcium  sulphateu 


DBBCKIPTITE   KOnOAUOOT. 


haOvnitb. 


Ikiinetrio.  In  dodecahedrons,  octahedrons,  etc.  Cleavage :  dodeoabe- 
dral  distinct  Commoaly  in  rounded  grains  often  looking  like  crystals 
with  a  fused  snrface. 

H.=6'5-6.  G.=2'4-2'5.  Lustre  vitreous,  to  somewhat  gi-easy.  Coloi 
bright  blue,  sky-blue,  greenish-blue ;  asparagus-green.  Sti-eak  slightl; 
bluish,  to  colorless.  Subtranspareut  to  translucent.  Fracture  flat  conchoi- 
dal  to  uneven. 

Ooinp^-3Nfti<Ck]AlBitQi-HCaBO( ;  If  in  the  sUioate  If&t  ia  teplooed  bj  Oa,  tha  Btotnto 
ntio  here  Iwing  Q  ;  1,  this  gfivea  Silica  84-18,  alumina  30-18,  lime  10-62,  soda  14-69,  ■nlphu 
triozide  11'88,=:100.    A  little  potassium  is  also  often  preseDt. 

Pyx.,  etc— In  the  o'caed  tube  retains  its  color.  B.B.  in  the  forcepafiueaat  46  t«a  whita 
riasa.  Fnaed  with  kiAa  on  oharcoal  aSoids  a  snlphide,  whioh  blackens  lilTeT.  Daoompoaad 
Of  Ivdioohloria  aoid  with  Beparation  of  gelatinous  ailio&. 

Obi — Occnra  in  tjie  Vesuvian  lavas,  OQ  Somma;  in  the  laTBS  of  the  Campagna,  Borne;  In 
basalt  at  Niedeimendig  and  Hay  en,  L.  Laach,  eto. 

NoaiTB  (Noaean).— A  loda-h^ajvite ;  SXaiAlSiiOi  +  NaiBO.,  with  also  a  little  oalciiun. 
iBomettio ;  often  graunlai  massive.  Common  as  a  miorosoopio  ingredient  of  moat  phonolftefti 
Lake  Laaoh,  eto. 

Lafih-lazut.!  (Laaontein,  0«nn.). — Not  a  homogeneons  minenl  Mootding-  to  Fiaohar  and 
Vogelsang.  The  latter  oatls  it  "a mixture  of  gtaniilat caloite,  ekebeigite,  md  an  iaometdo, 
nltnmarine  mineral,  ganerallf  blue  or  yiolet."    Much  naed  as  an  onuunantal  atone. 


Tetragonal,  according  to   v.  Rath.     6  =  0-52637.     Usual   form   as  in 
f.  670,  cloaely  resembling  a  irapezohedi-on.     Twins: 
870  twiuiiing-plane  2-i;  erystals  often  very  complex,  con- 

sisting of  twhmed  lamellEe,  as  indicated  by  the  strifr- 
tions  on  the  planes.  Often  disseminated  ingrains; 
rai-ely  massive  eraniilar, 

H.=5-5-6.  G.  — 2-44-2-66.  Lustre  vitreous.  Co'.ot 
white,  aeh-giay  or  smoke-gray.  Streak  niicolored. 
Translucent — opaque.  Fracture  conclioidal.  Brittle. 
Optically  uniaxial ;  double  refraction  weak,  negative 
(from  Aqnacetosa),  positive  (from  Fi-ascati). 

Oomp. — Formula  E.AlSi,Oi,=SUioa  SS-O.  alumina  23 'S,  potMh 
21-S=100.       Q.  Tatio  for  K  :  &I  1  Si=I  :  8  :  8,  f or  bases  to  silioon  1  :  3. 

Fyr.,  etc. — B.B.  infnsible;  with  cobalt  solution  gives  a  blue  odor  (alnmina).  Decomposed 
hj  bfdrochlorio  acid  without  gelatinization. 

Diff.— DiBtingnished  from  an&lcite  b;  its  infasibiJit;  and  greater  hardness. 

Oba. — Leucite  is  coD&ned  to  volcanic  rocks,  and  ia  common  in  those  of  certain  parts  of 
Europe ;  also  found  in  those  of  the  western  Unittd  States.  At  TcBovins  and  some  other 
pftrte  of  Italy  it  is  tl  icklf  disseminated  through  the  lava  ia  grtucH.  It  is  a  constituent  in  the 
nepbelin-doleryte  of  Merches  in  the  Vt^lsberg  j  abundant  in  trach;t«  between  Lake  Laaob 
and  Andemach,  on  the  Bhine. 

The  question  as  to  whether  the  orystals  of  leadt«  belong  to  the  isometiic  or  the  tetragonal 
^fstem  has  excited  much  discussion.  Hirschwald  (Tech.  Mm  Mitth..  1B75,  -^27)  ahows  thai 
while  implanted  (^rjatals  arc  sometimee  distinctij  Ulriigonal,  otbeia,  especially  thorn  wbidj 
are  Imbedded,  are  as  clearly  uometrie,  while  between  the  two  there  exist  man;  truasitioo 
easts.  Ho  claims  that  the  mineral  is  in  fact  uometiie,  but  having  a  polysymmetrio  devrJop 
uent.  there  existing  a  wide  varlat^  from  'lie  isometrio  t^pe.  Tha  qngstion  caunot  bo  oua 
■dered  as  entirely  daoidad. 
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'   Feldspar  Qr<mp.* 

The  feldspars  are  characterized  by  specific  gravity  below  2*85  ;  harducaa 
6  to  7 ,  fusibility  3  to  5  ;  oblique  or  clinohedral  crystallization  ;  prismatic 
angle  near  120** ;  two  easy  cjleavages,  one  basal,  tlie  other  brachydiagonal, 
inclined  together  either  90°,  or  very  near  90° ;  cleavage  a  prominent  fea- 
ture of  many  massive  kinds,  and  distinct  in  the  grains  of  granular  varieties, 
giving  them  angular  forms ;  close  isomorphism,  and  a  general  resemblance 
in  the  systems  of  occurring  crystalline  forms ;  transition  from  gmnular 
varieties  to  compact,  hornstone-like  kinds,  called  felsites,  which  sometimes 
occur  as  rocks ;  often  opalescent,  or  having  a  play  of  colors  as  seen  in  a 
direction  a  little  oblique  to  i-X ;  often  aventurine,  from  the  dissemination 
of  microscopic  crystals  of  foreign  substances  parallel  for  the  most  pai*t  to 
the  planes  O  and  /. 

Ttie  bases  in  the  protoxide  state  are  calcium,  sodium,  potassium,  and  in 
one  species  barium ;  the  sesquioxide  base  is  only  aluminum ;  the  quantivalent 
ratio  of  K  :  B  is  constant,  1:3;  while  that  of  the  silicon  and  bases  varies 
from  1  :  1  to  3  :  1,  the  amount  of  silicon  increasing  with  the  increase  of  the 
alkali  metals,  and  becoming  greatest  when  alkalies  are  the  only  protoxides. 

The  included  species  are  as  follows : 

GrystaUization.    Appioz.  Q.  ratio  B,fi,SI« 


Anobthftb 

Lime  feldspar 

Triolinio 

1:8:4 

LABRADoarrB 

Lime-Boda  feldspar 

i* 

1:3:6 

Htalophakb 

Baryta-potash  feldspar 

Monoclinio 

1:3:8 

Andesitb 

Soda-lime  feldspar 

TricUnio 

1:3:8 

Oligoclasb 

k(      t(        (( 

ik 

1:8:9 

Albitb 

Soda  feldspar 

ii 

1 :  3  :  12 

Obthoclasb 

Potash  feldspar 

Monoclinio 

1 :  3  :  12 

To  the  aboye  list  should  be  added,  aooording  to  DesCloizeaoZf  the  tricUniOj  potash  feldspar, 
iciCBOCLmB,  which  has  the  composition  of  orthoolase. 

The  above  ratios  are  only  approximate,  for  the  analyses  show  a  wide  yariation  in  the 
amount  of  silicon,  and  an  exactly  proportionate  variation  in  the  amount  of  aikali ;  the  two 
elements  vary  in  most  cases,  as  has  been  long  recognized,  according  to  a  simple  law.  There 
seems  hence  to  be  a  gradual  transition  between  the  successive  species  ;  but  this  is  due,  in  part, 
to  mixtures  produced  by  contemporaneous  crysuillization  (compare  pert/lite^  p  326,  and  the 
description  of  microcline^  p.  826). 

The  unisilicate  ratio  of  1  : 1  for  bases  and  silicon  is  found  in  anorthite  only,  as  shown  above. 
With  Ca  alone,  as  in  this  species,  the  Q.  ratio  for  Al  and  Si  is  3  :  4 ;  with  Naa  alone,  3  :  12; 
and  for  Jdnds  containing  combinations  of  the  two,  exact  combinations  of  these  ratios,  mNaa : 

n       •  •      i.1.       i.-    Q     4»i-hl2» 
nOa,  giving  the  ratio  3  : • 

An  explanation  of  the  above  fact,  and  of  the  variation  in  ratio  shown  by  analyses,  was  offered 
by  Hunt,  and  has  since  been  developed  by  Tschermak.  The  existence  of  two  distinct  tridinia 
feldspars  is  assumed:  anorthite  GaAlSisOs,  and  albite  Naa^ySiaOis,  and  the  other  species 
(sometimes  embraced  under  the  general  term  flaoioclasb)  are  regcurded  as  due  to  utomcT' 
p/tou8  mixtures  of  these  two  members  is  uifferent  proporcions.     They  have  then  the  general 

formula  j  ^^'^^  AlSi  O*  )*   Fo'labradcnte  the  ratio  of  m  :  » is  mostly  8  :  2,  also  3  :  1,  etc.; 

for  andesite  the  ratio  of  m  :  n  varies  about  1  :  2,  and  for  oligodase  the  ratio  of  m  :  » is  3  :  10, 
also  1  :  3,  etc.  In  accordance  with  the  above  formula,  if  Ga  :  Na=6  :  1,  then  tU  :  81= 
1  :  2-80S ;  for  Ca  :  Na=3  :  1,  Al  :  Si=l  :  1  257 ;  for  Ca  :  Na=l  :  1,  Al :  Si=l  :  3-33  ;  foi 
Oa  :  Na=l  :  3,  Al :  Si=l  :  44 ;  for  Ca  :  Na=l  :  6,  Al  :  Sl=l  :  5. 

This  method  of  viewing  the  feldspar  species  has  the  advantage  of  explaining  the  wide  varia- 
tion in  their  composition,  and  is  generally  accepted  among  German  mineraloglKts.  DesCloi- 
■oaux  regards  his  observations  upon  the  optical  characters  of  the  feldspars  (see  p.  298)  aa 
ihowing  that  thqy  are  in  fact  dUUnct  speoiea,  and  not  mdeterminate  isomorphous  mixturoo. 
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OpUoal  properties  of  the  tricUnic  fddspars. — The  following  table  contains  the  niuie  import* 
ant  optical  properties  of  the  feldspar  species  as  determined  by  DesGloizeaux  (0.  B.,  Feb.  & 
1875,  and  April  17,  1870).    Bx=Bisectriz. 


Ahobtbxtb. 

Labbadobztx. 

AXSXTK. 

MicBOdjifa. 

jLonte  bisectrix 

always  — 
Position      of 

always  + 

generally    — 
sometimes  H- 

always  -h 

always  — 

Angle  made  by  the+Bx. 

the  Bx.  has 

with  a  normal  to  I'i  {g) 

no    simple 

80"  40' 

18°  10' 

16° 

15°  36' 

Same,  with  normal  to 

relation  to 

0{p) 

the   planes 

66'* 

68° 

78°  85' 

Angle  made  by  the  line 

observed 

• 

in  which  the  plane  of 

on  the  crys- 

Line parallel 

the  optic-axes  catsi-l. 

tals. 

to  the  edge 

with  edge  i-i/0{g'/p). 
Same,  with  edge  i-%  I 

270-28° 

0\i-i. 

30° 

6*6' 

(a'  m) 

37'^25'-«6'25' 

U                    i( 

96°  28'  (front) 
p  <  i(+Bx.) 

Ordinary  dispersion 

Inckned. 

p  >  t<+Bx.) 

p  <  f)(+Bx.) 

P  <  «(-|-Bx.) 

Parallel  or  perpendicular 

Crossed;  also 

Crossed;  also 

iTudined  ; 

Horizontal 

to  plane  of  polariza- 

slight in- 

slight m- 

probably  also 

(-Bx.)    also 

tion. 

clined. 

dined. 

slight  hori- 
tunUak 

inclined 
(+Bx.) 

Optic-axial  angle  (in  air) 

for  red  raya^ 

84^58' 

88M5' 

89' 85' 

80°  89' 

870  64' 

for  blae  rays 

m"  69' 

87''  48' 

88*^31' 

81°  69' 

(Somma) 

(Labrador) 

(Bnnstone, 
Tvedestrand) 

(Hoc  toam6) 

Amazonst^ne, 
Morsinsk. 

The  axial  divergence  is  quite  constant  for  albite,  labradorite,  and  anorthite,  but  varies  for 
oligoclase  even  in  different  sections  taken  from  the  same  specimen.  Andesine  (q.  v.)  is 
regarded  by  DesGloizeaux  as  an  altered  oligoclase. 

DesCloizeaux  gives  the  following  method  of  distingvisking  between  the  feldspars  by  optical 
means :  It  is  necessary  to  obtain  a  transparent  plate  parallel  to  the  easiest  cleavage  ( 0), 
Such  sections  obtained  from  crystals  or  lamellar  masses  of  albite,  oligoclase,  labradorlte,  and 
the  majority  of  those  of  microcline,  show  hemitropic  bands,  more  or  less  close  together, 
arranged  along  the  plane  parallel  to  the  second  cleavage  (i-i) ;  for  orthoclase  and  microUne 
in  simple  crystals^  two  sections  placed  in  opposite  positions  serve  to  produce  the  same  effect. 
These  sections  are  thus  brought  between  the  crossed  Kicols  of  a  polarization- microscope. 

(1)  For  OTtliodase  the  maximum  extinction  takes  place  when  the  two  sections  are  parallel 
to  their  plane  of  contact ;  the  edge  0/i-l  being  in  the  plane  of  polarization  of  the  micro* 
Hoope. 

(2)  For  microdine^  the  whole  structure  consists  of  a  multitude  of  very  fine  parallel  bands; 
the  section  may  show  microcline  alone,  either  hemitropic  or  not  hemitropic,  or  microdine  and 
orthoclase  ;  the  extinction  can  take  place  at  30"  64'  between  the  adjoinmg  bands  of  the  same 
plate  of  the  made  (microcline  alone),  at  80°  64'  between  the  two  plates  of  the  made  (micro- 
cline in  bands),  or  at  15*"  27'  between  the  adjoining  bands  (microcline  and  orthoclase).  In  the 
last  case  the  whole  of  two  lamellte  of  the  made  show  at  the  same  time  an  extinction  obliqne 
to  the  plane  of  composition,  belonging  to  the  microcline,  and  one  parallel  to  this  plane  for  the 
orthoclase. 

(8)  For  albitey  the  extinction  between  two  bands  takes  place  at  an  angle  of  G°  82'. 

(4)  For  oUgodasSy  the  extinction  is  simultaneous  in  the  two  bands,  and  when  the  plane  ol 
composition  coincides  with  the  plane  of  polarization  of  the  polariscope,  it  shows  that  the 
structure  is  homogeneous. 

(6)  For  labradarite,  the  extinction  takes  place  at  10°  24'  between  the  alternate  lines  of  the 
hemitropic  lamellae. 

It  follows  from  this  thdt  a  plane  normal  to  the  plane  of  the  axes  cats  the  base  along  a  line 
waking  with  the  edge  0/t-i  the  following  angles : 

0°  in  orthoclase, 
15°  27'  in  microcline, 
8°  1()'  in  albite, 
6*  12'  in  labradorite. 

A  variation  of  oo«  ot  two  degrees  from  the  above  mean  angles  waa  observed  in  Bomff 
■pecimena.     See  further  on  p.  426. 
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IMff. — The  feldspars  are  dintingaiRhed  from  other  species  by  the  characters  already  sLaicd. 
{vominent  among  which  are  :  cleavage  in  two  directions,  nearly  or  quite  at  right  angles  t< 
each  other ;  also  hardness,  etc. 

The  triclinio  feldspars  can  in  most  cases  be  distinguished  from  orthoclase  by  the  fine  stria- 
tion  due  to  repeated  twinning.  This  striation  can  often  be  seen  by  the  unaided  eye  upon  the 
cleavage  face  (0),  And  its  ezistenoe can  always  be  surely  tested  by  the  examination  of  a  thir. 
yxition  in  polarized  light,  the  alternate  bands  of  color  showing  the  same  fact. 

The  separation  of  the  different  tricliuic  species  can  be  surely  made  by  complete  analysis 
only,  or  at  least  by  the  determination  of  the  amount  of  alkali  present.  The  degree  of  fusi- 
bility, the  color  of  the  flame,  and  the  effect  produced  by  digestion  in  acids,  are  often  import- 
ant aida     In  the  hands  of  a  skilled  observer  the  optical  examination  may  give  decisive  results. 


=  120^  81',  O  A  t-f, 


ANORTBrrZl.    Indianite. 

Trielinic.  c  :  J  :  df  =  0-86663  :  157548  : 1.  /AT 
(over  2-«)=94°  10',  OaT=:  114°  6^',  OaI=:  110^ 
40',  (?  A  2-1  =  98°  46' ;  a  =  93°  13*',  fi  =  115°  55*', 
y  =  91°  Hi'  Cleavage :  (?,  i-i  perfect,  the  latter 
least  iio.  Twins  similar  to  those  of  albite.  Also  mas- 
sive.    Structure  ffran  alar,  or  coarse  lamellar. 

H.=-.6-7.  (3.=2-6t>-2'78.  Lustre  of  cleavage 
planes  inclining  to  pearly ;  of  other  faces  vitreous. 
Color  white,  grayish,  readish.  Streak  uncolored. 
Transparent  —  translucent.  Fracture  conchoidal. 
Brittle. 


Var. — Anarthite  was  described  from  the  glassy  crystals  of  Som- 
ma.    Indianite  is  a  White,  grayish,  or  reddish  granular  anorthite  from  India,  first  deaoribed 
in  1802  by  Count  Boumon. 

Oomp.— Q.  ratio  for  B  :  M  :  Si=l  :  8  :  4.  Formula  0a^lSi,O8= Silica  43*1,  alumina  36-8, 
lime  20*1=100.    The  alkalies  are  sometimes  present  in  very  small  amounts. 

Pyr.,  etc. — B.B.  fuses  at  5  to  a  colorless  glass.  Decomposed  by  hydrochloric  add,  with 
separation  of  gelatinous  silica. 

Obs. — Occurs  in  some  granites;  occasionally  in  connection  with  gabbro  and  serpentine 
rocks ;  in  some  oases  along  with  corundum ;  in  many  volcanic  rocks.  Found  in  the  old  lavaa 
in  the  ravines  of  Monte  Somma;  Pesmeda-Alp,  T^ol ;  in  the  Faroe  islands;  in  Iceland; 
near  Bogoslovsk  in  the  Ural,  etc. 

Bttownitb  has  been  shown  by  Zirkel  to  be  a  mixture.    Bytown,  Canada. 


LABRABORTTB. 

Trielinic.  iA/  =  12r  37',  (? A i-f  =  93°  20',  Oa /=  110°  50',  Oa/ 
=  113°  34';  Marignac.  Twins:  similar  to  those  of  albite.  Cleavage:  O 
easy ;  i-i  less  so ;  /  traces.  Good  crystiils  rare ;  generally  massive  granular, 
ana  in  grains  cleavable;  sometimes  cryptocryatallino  or  hornstone-like. 

H.=6.  G.= 2 •67-2*76.  Lustre  of  O  pearly,  passing  into  vitreous; 
elsewhei'e  vitreous  or  subresinons.  Color  gray,  brown,  or  greenish,  some- 
times colorless  and  glassy;  rarely  porcelain-white;  usually  a  change  of 
colors  in  cleavable  varieties.  Streak  uncolored.  Translucent — subtran^ 
lucent. 


Oomp.,  Var. — Q.  ratio  for  B  :  Al :  Si=l  :  3  :  6,  but  varying  somewhat  (see  p.  819): 
Pormula  BMSitdo;  here  B=:Ga  and  Na^.  The  atomic  ratio  for  Ka  :  Ca-2  :  8  generally, 
this  corresponds  to  Silica  52-9,  alumina  80*8,  lime  128,  soda  4-5=100. 

Var.  1.  OieavabU,    (a)  Well  orystoUiied  to  {b)  massive.     Play  of  oolcra  either  waatizig,  ■• 
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in  Bozne  oolorless  Grystals ;  or  pale ;  or  deep ;  blue  and  green  are  the  predominant  colors ;  but 
yelloWf  fire-red,  and  pearl-gray  also  occur.  By  cutting  yeiy  thin  slices,  parallel  to  i-i^  from 
the  original  labradorite,  they  are  seen  under  the  microscope  to  contain,  besideB  striae,  great 
numbers  of  minute  scales,  like  the  aventuiine  oligoclase.  which  are  probably  gothite  or  hema- 
tite. Theso  scales  produce  an  aventurine  effect  which  is  quite  independent  of  the  play  of 
oolors  which  arises  from  the  interference  of  the  rays  of  light  reflected  by  innumerable  iiil'er- 
nal  lamellaB  (Eeunch).  The  various  forms  of  minerals  {micropUi kites,  mioropJiyUUes^  etc. )  en- 
dlosed  in  the  labradorite,  and  their  relation  to  it  in  position,  have  been  thoroughly  investigated 
by  Schrauf  (Ber.  Ak.,  Wien,  Dec,  1869). 

Pyr,,  etc. — B.B.  fuses  at  3  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydrochlorio 
ftoid,  generally  leaving  a  portion  of  undecomposed  mineral. 

Ob3. — Labradorite  is  a  constituent  of  some  rocks,  both  metamorphic  and  igneons;  e,g,^ 
diabase,  doleryte,  basalt,  etc.  The  labradoritio  metamorphic  rocks  are  most  common  among 
the  formations  of  the  Archsan  or  pre-Silurian  era.  Such  are  part  of  those  of  British  America, 
northern  New  York,  Pennsylvania,  Arkansas;  those  of  Greenland,  Norway,  Finland,  Sweden, 
and  probably  of  the  Yosges.  Being  a  feldnpar  containing  comparatively  little  silica,  it  ocoun 
mainly  in  rocks  which  include  little  or  no  quartz  (free  sUica). 

Kiew  has  furnished  fine  specimens ;  also  Labrador.  It  is  met  with  in  many  places  in 
Canada  East  Occurs  at  Essex  Co.,  N.  Y.  ;  also  in  St.  Lawrence,  Warren,  Scoharie,  and 
Green  Cos.  Li  Pennsylvania,  at  Mineral  Hill,  Chester  Co. ;  in  the  Witchita  Mts.,  Arkansas, 
etc. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr.  Wolfe, 
a  Moravian  missionary,  about  the  year  1770,  and  was  called  by  the  early  mineralogists  Labra- 
dor stone  (Labradarstein)^  and  also  chatoyant,  opaline,  or  Labrador  feldspar.  Labradorite 
receives  a  fine  polish,  and  owing  to  the  chat  >yant  reflections,  the  specimens  are  often  highly 
beautiful.     It  is  sometimes  used  in  jewelry. 

Maskelykitb. — Occurs  in  transparent,  isometric,  grains  in  the  meteorite  of  Shergotfy. 
Same  composition  as  labradorite. 


ANDESITE.    Andesine. 

• 

Triclinic.  Approximate  angles  from  Esterel  crystals  (DesCl.):  OAt-l^ 
left,  87°-88%Oa/=111°-112°,  6>A  /  =  115°, /Ai4=:  119M20%  P /\i-t 
=120^  OA2-i  =  101°-102°.  Twins:  resembling  those  of  albite.  Sel- 
dom in  crystals.  Cleavage  more  uneven  than  in  albite.  Also  granular 
massive. 

lL=5-6.  G.=2*61-2*74.  Color  white,  gray,  greenish,  yellowish,  flesh- 
red.    Lustre  subvitreous,  inclining  to  pearly. 

Oompa — Q.  ratio  1:8:8,  but  varying  to  1  :  3  :  7.  General  formula  B3^1Si40i3 ;  B=KasttDd 
Oa  in  the  ratio  1  :  1  to  8  :  1 ;  if  the  ratio  is  1  :  1,  the  formula  corresponds  to  Silica  59*8,  alu- 
mina 25-5,  lime  70,  soda  7-7=100. 

Pjrr.,  etc. — Andesite  fuses  in  thin  splinters  before  the  blowpipe.  Saccharite  melts  only  on 
thin  edges ;  with  borax  forms  a  clear  glass.     Imperfectly  soluble  in  acids. 

Obs. — Occurs  in  many  rocks,  especially  some  trachytes.  The  original  locality  was  in  the 
Andes,  at  Marmato ;  also  in  the  porphyry  of  TEpterel,  France  ;  in  the  Vosges  Mts.  ;  at  Yap- 
nefiord,  Iceland,  in  honey-yellow  transparent  crystals,  etc.  In  North  America,  found  at 
Gh&teau  Richer,  Canada,  forming  with  hypersthene  and  ilmenite  a  wide-spread  rock ;  color 
flesh-red. 

Andesite  is  regarded  by  DesOloizeaux  as  an  altered  oligoolase,  bat  many  careful  analyaet 
point  to  a  feldspar  having  the  composition  given  above. 


BYALOPHANfi. 

Monoclinic,  like  orthoclase,  and  anghw  nearly  the  same.  6^=  6-4^  16', 
Ta  /  =  118°  41',  O  A  1-i  =  130°  55i'.  Cleavage :  O  perfect,  U  soniewliat 
lees  BO.    In  small  crystals,  single,  or  in  groups  of  two  or  three. 
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H.— .6-6'5.  G.=2'80,  transparent;  2*905,  translucent.  Lustre  vitreous^ 
Dr  like  that  of  adularia.  Color  white,  or  colorless ;  also  flesh-red.  Trans- 
parent to  ti'ansluceiit. 

Oornp.-— Q.  ratio  for  R  :  R  :  Si=t  :  8  :  8.     Formula  (Ba,Ka)AlSi40i8.     Analysis  of  hyalo- 
phane  from  the  Binnenthal  by  StookarEscher,  SiO,  52*67,  AID,  21-12,  MgO  004,  CaO  0*46, 
BaO  15-05,  Na,0  214,  K,0  7-82,  H,0  0-58=99  88. 
P3nr.,  etc. — B.B.  fuses  with  difficulty  to  a  blebby  glass.     Unacted  upon  by  acida 
Obfl. — Occurs  in  a  granular  dolomite  near  Imfeid,  in  the  Binnenthal,  Switzerland  ;  also  at 
Jakobsbttg  in  Sweden. 
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OLiaOOLASB. 

Triclinic.    /A  /'  =  120°  42',  O  A  U,  ov.  %V  =  93°  50',  <?  A  /=  110^  65', 
On  T  —  114^  40'.    Cleavage :  O, iri perfect, the 
iatter  least  so.    Twins :  similar  to  those  of  albite. 
Also  massive. 

H.=G-7.  G.=2-56-2-72;  mostly  2-65-2-69. 
Lustre  vitreo-pearly  or  waxy,  to  vitreous.  Color 
usually  whitish,  with  a  faint  tinge  of  grayish- 
green,  grayish-white,  reddish-white,  greenish, 
reddish ;  sometimes  aventurine.  Transparent, 
Bubtranslucent.      Fracture  conchoidal  to  uneven. 

Oomp.,  Var.— Q.  ratio  for  B  :  iVl :  Si=l  :  3  :  9,  though 
with  some  variations  (see  p.  297).  Formula  R:VlSi«0i4,  with 
R=:Nat(K9),0a  The  ratio  of  3  :  1  for  Na  :  Ca  corresponds  in 
this  formula  to  SiUca  61-9,  alumina  24*1,  lime  5-2,  soda  8*8=100. 

Var.  1.  Cletivalfle;  in  crystals  or  massive.  2.  Compact  massive ;  oUgodase-fdnte ;  indudep- 
part,  at  least,  of  the  so-called  compact  feldspar  or  fdsite^  consisting  of  the  feldspar  in  a  com- 
pact, either  fine  granular  or  flint-like  state.  3.  Aventurine  ollgodase,  or  sunstone.  Color 
grayish-white  to  reddish-gray,  usually  the  latter,  with  internal  yellowish  or  reddish  fire-like- 
reflections  proceeding  from  disseminated  crystals  of  probably  either  hematite  or  gothite.  4. 
Moonstone  pt.     A  whitish  opalescence. 

Pyr.,  etc. — B.B.  fuses  at  8*5  to  a  clear  or  enamel-like  glass.  Not  materially  acted  upon  by 
acids. 

Obs. — Oconrs  in  porphyry,  granite,  syenite,  serpentine,  and  also  in  different  eruptive  rocks. 
It  ia  sometimes  associated  with  orthoclase  in  granite,  or  other  granit^-iike  rocks.  Among  its- 
localities  are  Pargas  in  Finland  ;  Schaitan^  Ural ;  in  protogine  of  the  Mer-de -Glace,  in  the 
Alps ;  in  fine  crystals  at  Mt.  Somma ;  as  sunstone  at  Tvedestrand.  Norway ;  in  Iceland,, 
colorless,  at  Hahiefjord  (fitifnefiordite).  In  the  United  States,  at  Unionville,  Pa.  ;  also  at 
Haddam,  Ot.  ;  Mineral  Hill,  Delaware  Go. ,  Pa, ;  at  the  emery  mine,  Chester,  Mass. 

Named  in  1820  by  Breithaupt  from  d'Aytr^  UtUe,  and  kX'^uj,  to  deave. 

TscHKBMAKiTB  (v.  Kobell). — Supposed  to  be  a  magnesia-fddspar^  but  the  conclusion 
was  probably  based  on  the  analysis  of  impure  material.  Later  investigations  (Hawea,  Pisani) 
make  it  an  oligodaae.     Occurs  with  kjerulfine  from  Bamle,  Norway. 


ALBITE.* 


Triclinia  /A /  =  120^  47',  OnU-  93^  36',  (9  A  /'  =  114^ 42',  O  A  / 
=r  110^  50',  0  A  2.r  =  136°  50',  6>  A  2-j:  =  133°  14'.  Cleavage :  0,  i-i 
perfect,  the  first  most  so ;  1-t  sometimes  distinct.  Twins:  twinning^-plaiie 
*-<,  axis  of  revolution  normal  to  i-l^  this  is  the  most  common  method,  a/id 
its  repetition  gives  rise  to  the  fine  striations  (p.  91)  upon  the  plane  O,  which 
are  so  characteristic  of  the  triclinic  feldspars ;  twinning-plane,  2-1  (f .  678) 
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analogous  to  tlie  Baveno  twins  of  orthoclase ;  also  twinning-axis,  the  vertical 
axis  (f.  575) ;  tvviiining-axis,  the  niacrodi agonal  axis*  (5),  the pericline  inoina. 
Double  twins  not  uncommon.  True  simple  crystals  very  rare.  Also  mas- 
sive, either  lamellar  or  granular ;  the  laminsB  sometimes  divergent ;  gi*anulai 
varieties  occasionally  quite  fine  to  impalpable. 


673 


574 


575 


678 


679 


0sh  A2A 


\W 


wy 


576 


577 


Peridine. 


Middletown,  Gt. 


H.=6-7. 
other 


7.  G.=2'59-2-65.  Lustre  pearly  upon  a  cleavage  face  ;  vitreoua 
m  other  directions.  Color  white,  also  occasionally  bluish,  gray,  reddish, 
greenish,  and  green ;  sometimes  having  a  bluish  opalescence  or  play  of  colors 
on  O.  Streak  uncolored.  Transparent— subtj*anslucent.  Fracture  uneven. 
Brittle. 

Oomp.,  Var«— <).  ratio  Na  :  Al  :  Si=l  :  8  :  12.  Formula  Na9AlSieOie= Silica  68'6,  alumina 
19-6,  Boda  11*8^100.  A  smaU  part  of  the  sodinm  is  replaced  nsuaUy,  if  not  always,  by 
potassium,  and  also  by  calcium  (here  Nai  by  Ga).  But  these  differences  are  not  externally 
apparent. 

Var.  1.  Ordinarff.  {a)  In  crystals  or  deavable  massive.  The  angles  vary  somewhat, 
especially  for  plane  T.  (b)  Atenturine  ;  similar  to  aventurine  oligoclase  and  orthoclase.  (o) 
Moonstone;  similar  to  moonstone  under  oligoolase  and  orthoclase.  Perist&rit9  is  a  whitish 
adularia-like  albite,  slightly  iridescent,  haying  G.=2*()26  ;  named  from  mpicrrpd^  pigeon^  the 
colors  resembling  somewhat  those  of  the  neck  of  a  pigeon,  {d)  Peridine  is  in  large,  opaque, 
white  crystals,  c^ort  and  broad,  of  the  forms  in  f.  577  (f.  384,  p.  101) ;  from  the  chlorite  schists 
of  the  Alps.     Lamellar ;  deavelandite,  a  white  kind  found  at  Ghestei^Beld,  Mass. 

P3rr.,  etc. — ^B.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to  the 
flame.    Not  acted  upon  by  acids. 

Obs. — Albite  is  a  constituent  of  several  rocks,  as  dioryte,  etc.  It  occurs  with  orthoclase  in 
some  granite.  It  is  common  also  in  grneiss,  and  sometimes  in  the  crystalline  schists.  Veins 
of  albitic  granite  are  often  repositories  of  the  rarer  granite  minerals  and  of  fine  crystallisa- 
tions of  geme.  including  beryl,  tourmaline,  allanite,  columbite,  etc.  It  occurs  also  in  some 
''zaohyte,  in  phonolyte,  in  granular  limestone  in  div^minated  crystals,  as  near  Modane  in 
Savoy.  Some  localities  for  crystals  are :  Schneebeig  in  Posseir,  in  simple  crystals  ;  Col  da 
Bonhomme ;  St.  Gk>thard,  and  elsewhere  in  the  Alps ;  Penig,  etc. ,  Saxony ;  Arendal ;  Green- 
land ;  Island  of  Elba. 

In  the  U.  S.,  in  Maine^  at  Paris.  In  Massi.^  at  Chesterfield;  at  Qoshen.  In  Cmn.,  at 
Uaddam ;  at  Middletowp.  In  N,  Jorh^  at  Granville,  Washington  Go. ;  at  Moriah,  Essex  Go. 
In  Penn.j  at  XJnionville,  Delaware  Go. 

The  name  Albite  is  -ierived  from  cUbuSf  white,  in  allusion  to  its  color,  and  was  given  the 
■pedes  by  Gahn  and  Berzelius  in  1814. 


*  Tom  Rath  has  recently  shown  this  to  be  the  true  method  of  twinning  in  this  case,  mid 
hence  that  the  explanation  of  IBLoee  (given  on  p.  101)  is  inoorreot. 


OXVOEi:!    COMFODKDS— ANUTDB0U3   BIUOATES. 


ORTHOOLASIL 

Monoclimc  0'=  63°  53', /"A/=  118°  43',  OAl-i  =  153°  38';  i:h:d 
=  0-844  :  1-51S3  : 1.  Oa  1-i  =  129°  41',  (? A 2-i  =  99°  38',  (?a2  =  98° 
4'.  Cleavage:  0  perfect;  i-l  less  distinct ;  i-t  faint;  also  imperfect  in  tlie 
direction  of  one  of  the  faces  /.  Twins;  twiimiiig-plaue,  i-i  {Carlsbad 
twins)  i.  582,  but  the  cllnopinacnid  {i-i}  the  compoBit  ion -face  {see  p.  98) ; 
twinniiig-plaue  the  base  (Oj  f.  583 ;  also  the  clinodorne,  2-i  {Bavenu  twins), 
as  ill  f,  588,  in  which  the  prism  is  made  np  of  two  adjoining  planes  O  and 
two  i-i,  and  is  nearly  square,  because  (?  A  i-i  =  90°,  and  0  A  2-i  =  133^  3' ; 
/a  /=  169°  28' ;  also  the  same  in  a  twin  of  4  ci-ystals,  f .  687,  each  side  of 
the  prism  then  an  O  (see  also  p.  99).  Often  massive,  granular ;  sometimes 
lamellar.  Also  compact  ciypto-crj- stall ine,  and  sometimes  flint-liko  or 
jasper-like. 


LoxooUse. 

H.=6-6-5.  G.=2-44-2-62,  mostly  2'5-2-6.  Lustre  vitreous;  on  cleav- 
age'Sui-face  sometimes  (jearly.  Color  wliite,  ffray,  flesli-red,  common; 
greenish- white,  biightKreeii.  Streak  imcolored,  Ti-ansparent  to  trans- 
lucent, Fi-auture  conchoidal  to  uneven.  Optic-axial  plane  sometimes  in 
the  orthodiagtjiial  section  and  souietimea  in  the  clinodiagonal ;  acute  bisec- 
trix always  negative,  normal  to  the  orthodiagonal. 

Oomp..  Var^-Q,  ratio  for  K  :  Al :  8i=l  :  3  :  13.  Formnla  K,AlSI(0„=Si]ioa  647,  ftla. 
minA  IS'4,  potsBb  169=:  100;  with  godiuni  aoiaetimes  replacing  pact  of  the  potauiium.  Th* 
ortboclaiie  of  OsrlBbad  contninn  rubidium.  The  varieties  depend  mainlf  on  Htmctnre,  varU- 
tioiiH  in  angles,  the  presence  of  noda.  and  tbe  preBence  of  impnriCieB, 

The  amoont  of  sodium  detected  hj  naaljses  varies  greatly,  the  variety  tnnidia  (see  below) 
■ometimes  containing  8  per  cent.  The  Tariations  in  angles  are  l&i^,  and  the^  occar  Home- 
times  even  in  spedmena  of  Che  same  louaJIty.  The  oryHtalJiiation  is  normally  monoclinlo, 
and  the  variations  are  simply  irregularities.  There  are  also  large  optical  voriationn  in  artho- 
olase,  on  which  see  DesCL  Min.,  L,  839. 

Var.  I.  OnUniry.  In  crystals,  or  oleav.ible  massiTe.  Advinrut  {adalar).  Tranepntent 
oleivable,  nsaBJIy  with  pearly  opalescent  reflections,  and  sometimes  with  a  play  of  colon  like 
labradorite,  though  paler  in  shade.  MoonntoTie  belongh  in  part  here,  the  rest  being-  il  bite  and 
oligoclase.  Sumtoim.  or  /laenlurine  feUhpar :  In  part  onboclnse,  rest  albite  or  oligooliuw 
(q.  r  ).  Amruonttone:  Bcigbt  verdigris- green,  and  cleavable.  mostly  mixtnc-s  of  orthoclaaa 
and  microcline  (Di.).  Etenig  concludes  that  the  coloring  matter  of  tbe  Pike's  Peak  amnion- 
•tone  is  an  organiii  compound  of  iron,  which  has  been  infiliratel  into  tbe  mass. 

BatmUn  of  Nose,  or  glaug  ftldapar  (inolading  mncb  of  L'le  Ie«-tpar,  part  of  which  is  aiiac- 
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tbite).  Oocnrs  in  transparent  glassy  ozystals,  mostly  tabular  (whence  the  name  from  onmc^  a 
board),  in  lava,  p amice,  trachyte,  phonolitc,  etc.  Proportion  of  soda  to  potash  varies  from 
1  :  20  to  2  :  1.  Jihj/acoHte  is  the  same  ;  the  name  was  applied  to  glassy  crystals  from  Mt. 
8omma  (Eisspath,  Wern,). 

ChesterUte.  In  white  crystals,  smooth,  but  feebly  lustrous,  implanted  on  dolomite  in  Ghee* 
ter  Co.,  Penn.,  and  having  wide  variations  in  its  angles.  It  contains  but  little  soda.  Accord • 
ing  to  DesGloizeaux  the  chesterlite  consists  of  a  imion  of  parallel  bauds  of  orthoclase  and  a 
tiiclinic  feldspar  of  the  same  composition,  which  he  colls  microcUne  (see  below). 

Loxodase.  In  grayish- white  or  yellowish  crystals,  a  little  pearly  or  greasy  in  lusti-e.  oftes 
large,  feebly  shining,  lengthened  usually  in  the  direction  of  the  olinodiagonal.  0  A  7=112' 
80',  Oa/'=112*  50',  iAi'=120=*  20',  OAt-i  (cleavage  angle) =90%  Breiih.  G.=2-6-2-02, 
Plattner.  The  analyses  find  much  more  soda  than  potash,  the  ratio  being  about  3:1,  but 
how  far  this  is  due  to  mixture  with  albite  has  not  been  ascertained.  From  Hammond,  St 
Lawrence  Co.,  N.  Y.  Named  from  \o\6 ^  trajiwerse,  and  ic\a»,  /  cleave,  under  the  idea  that 
the  crystals  are  peculiar  in  having  cleavage  parallel  to  the  orthodiagonij  section.  Pertkiie. 
A  flesh-red  aventurine  feldspar,  consisting  of  interlaminated  albite  and  orthodase,  as  shown 
by  Breithaupt.     From  Perth,  Canada  East 

Compact  Orthoclabk  or  ORTnocLASE-PKLSiTK. — This  crypto-crystalline  variety  is  com- 
mon and  occurs  of  various  colors,  from  white  and  brown  to  deep  red.  There  are  two  kinds 
(a)  the  j<Mper4ike,  with  a  subvitreous  lustre  ;  and  {b)  the  ceraUnd  or  wax-Uke,  with  a  waxy 
lustre.  Some  red  kinds  look  closely  like  red  jasper,  but  are  easily  disttuguished  by  the  fosi* 
bility.  The  orthodase  differs  from  the  albite  felsite  in  containing  much  more  potash  than 
soda.     The  Swedish  name  HaUeflintn  me&nB  false  JUtU. 

Pyr.,  etc. — B.B.  fuses  at  5  ;,  varieties  containing  much  soda  are  more  fusible.  Loxoclase 
fuses  at  4.     Not  acted  upon  by  acid& 

Obs. — Orthodase  is  an  essential  constituent  of  many  rocks ;  here  are  included  granite, 
gneiss,  and  mica  schist;  also  syenite,  trachyte,  phonolyte,  etc.,  etc. 

Fine  crystals  are  found  at  Carlsbad  in  Bohemia ;  Katherinenburg,  Siberia  ;  Arendal,  Nor- 
way ;  Baveno  in  Piedmont ;  in  Cornwall ;  in  the  Urals  :  the  Moume  mountains,  Ireland,  etc. ; 
in  the  trachyte  of  the  Draohenf els  on  the  Rhine.  In  the  U.  States,  orthodase  is  found  in 
If.  Hamp.^  at  Acworth.  In  Conn.,  at  Haddam  and  Middletoi^-n.  In  JV.  York^  at  liossie  ; 
in  the  town  of  Hammond ;  in  Lewis  Co. ;  near  Natural  Bridge  ;  in  Warwick ;  and  at  Amity 
and  Edenville.  In  Penn.,  in  crystals  at  Leiperville,  Delaware  Co.,  etc.  In  jV.  Car.,  at 
Washington  Mine,  Davidson  Co.;  beautiful  Amazoustoue  at  Pike's  Peak,  Col.  Massive  ortho- 
dase is  abundant  at  miuiy  localities. 

MiCROCLiNE.*  A  trieUnic  potash  fddtipar. — The  name  microdlne  was  originally  given  by 
Breithaupt  to  a  whitish  or  reddish  fddspar  from  the  zircon -syenite  of  Fredericksvom  and 
Brevig,  Norway,  on  the  ground  that  it  was  tiicHnie,  It  was  shown  by  DesCloizeaux  that  this 
feldspar  was  merely  a  variety  of  orthodase  remarkable  for  its  large  amount  of  soda.  Recently 
the  latter  author  has  proposed  to  retain  this  name  for  a  feldspar  found  in  the  midst  of  gran- 
ites, pegmatite,  and  gneiss,  which  is  shown  both  by  the  angle  between  its  cleavage  planes, 
and  sjso  by  its  optical  properties,  to  be  really  tricHrtic. 

Form  generally  like  that  of  orthodase.  Cleavage  basal  and  clinodiagonal,  and  also  easy 
parallel  to  both  prismatic  faces  (i  and  1');  for  the  optical  properties  see  p  298.  Often  asso- 
ciated with  orthodase  in  regular  parallel  bands,  especially  in  the  amazon stone  ;  albite  is  alao 
hometimes  present,  though  irregularly .  Analysis  of  a  ^*  pure  microdine  *'  from  Magnet  Cove 
byPisani.     G.=2-54. 


SiO, 

AlO, 

FeO, 

K,0 

NaO 

ign. 

64  30 

19-70 

0-74 

15-60 

0-48 

0-35=101 -17 

The  association  of  orthodase  and  microdine  was  observed  in  specimens  from  the  Ilmen 
Mts.;  Urals ;  Arendal ;  Greenland ;  Labrador;  Leverett,Mass.;  Delaware,  Chester  Co.,  Penn.; 
Pikers  Peak,  CoL  The  purest  microdine  was  that  of  a  greenish  color  from  Magnet  Coye, 
Ark. ;  it  enclosed  crystals  of  aegirite,  and  was  not  mixed  with  orthodase. 

SUBSILIOATES. 

Humite  or  CJiondrodite  Groujp^  including  three  siib-^pecies : 

L  Humite;  IL  Ohondrodite;  ID.  Clinohumite. 

The  existence  of  three  types  of  forms  among  the  crystals  of  humite  (Yosuvius)  was  early 
■hown  by  Soaochi ;  they  have  since  then  beon  further  investigated  by  vom  Rath  (Pogg.  Erg., 
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Bd.  v.,  821,  1871 ;  ibid.,  ▼!,  385,  1878).  The  chemical  identity  of  the  gpeoies  humite  and 
chondrodite  was  shown  bj  Uammelsbeig ;  later  Koksoharof  proved  that  the  crystals  of  chuu- 
drodite  from  Pargas,  Finland,  were  identical  in  form  and  angles  with  Scacchi*s  t^'pe  II,  of 
hnmite,  and  the  same  has  also  been  shown  of  the  Swedish  crystals  by  vom  Bath.  In  IBTG 
the  author  described  crystals  of  chondrodite  from  Brewster,  N.  Y. ,  belonging  to  each  of  the 
three  types  of  humite  ;  he  showed,  moreover,  then  and  later  (Feb., •1876),  that  contrary  to 
what  had  been  preyloiisly  assumed,  the  crystals  of  both  type  IL  and  type  III.  were  manoeUnie^ 
not  orthorhombic.  DesGloizeaux  and  Kiel  a  have  since  proved  (Jahrb.  Min.,  1876,  No.  6) 
the  monodinic  character  of  type  III.  of  the  Vesuvian  humite,  and  the  former  that  of  thr 
Swedish  crystals  (type  II.) ;  he,  moreover,  proved  the  orthorhombic  character  of  the  crystalH 
of  type  I.,  Vesuvius.  In  accordance  with  these  facts  DesGloizeaux  has  proposed  that  the  thre<« 
types  be  regarded  as  distinct  species,  with  the  names  given  above. 


I.  HUMrm.*  Including  type  L,  Scacchi,  Vesuvius.    Also  rare  crystals  from  Brewster,  N.  Y« 
The  latter  large,  coarse,  and  having  suffered  more  or  less  alteration. 

Orthorhombic.  Holohed ral.  i-2  {o^)  A  «  2  =  130^  19';  0{A)A3-i  (^^)  = 
102^  48' ;  Oa  1-i  (t^)  =  124°  16' ;  Oa  3-i  (^)  =  103^  47' ;  (?  A  l-r  (t^)  =  120- 
21' ;  Oa  1-2  (/^)  =  121°  44'.  Twins  :  twiiiniiig-plaiie  |4,  also  f  i,  in  both 
cases  the  angle  of  the  horizontal  prism  is  nearly  120^  Optic-axial  plane 
parallel  to  the  base,  acute  bisectrix  positive,  normal  to  ^-^,  Dispersion 
almost  zero.    2Ha  =  7^*  18' -79'  for  red  rays.     (DesCL) 


Vesuvius. 


Brewster. 


Brewster. 


Q.  OHONDRODITE.*  Including  type  11.  of  Soaochi,  Vesuvius ;  also  crystals  from  Finlaod, 

Sweden,  and  with  few  exceptions  those  of  Brewster,  N.  7. 

Monoclinic.  AAi=  122»  29' ;  AAe^=  109*  5' ;  ^  A ^'  =  108°  58' ; 
^:7i«=103^  12';  ^An»'  =  103*»  9';  ^Ar^  =  135^  20';  AAr^  =  125* 
60';   Ca  7^  =  146*  24';   O'A  n«  =  135'*  40' :   CAn^' =  135' 41'. 

The  lettei'S  (those  employed  by  Scacchi)  correspond  to  the  following 
symbols  '^ 

A-0    i-l-l  d»  =  — 2-i  n«=--2   r^  =  — f &   7^=  -  f i   m»=-6-f 

Or^irl    ^*=:i-i    ^=       U    7l»'=:       2    r«  =       fi    7^=         U       i^  =z       ^-l 

Twins :  twinning  plane  |-i  (±?)  and  f-t  (±?),  (both  having  a  prismatic 
angle  nearly  120**)  ;  also  the  basal  plane  0  (Brewster,  N.  7.,  I.  593). 
Optic-axial  plane  makes  an  angle  of  26°  with  the  base ;  acute  biflectrix 
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g>sitive,  normal  to  the  clinopinacoid  {O).    2Ha=88'  48'  for  rod  rays, 
rewBter,  K  T.  (E.  S.  D.).  2Ha=86'*  14'-87*  20'  (red  rays),  Sweden,  (DesCL) 

The  aboye  angles  are  thoee  iifiyen  by  DesCloueauz,  the  author's  own  measurements  on  the 
crystals  from  Brewster  (not  jet  completed),  point  to  a  smaller  yariation  from  the  rectangular 
type.    BesGloizeanx  makes  the  plane  «''=w,  and  r^=7,  r'=l,r^=— 1. 

595 


Brewster. 


Brewster. 


Vesuyiiis. 


in,  OUNOHUlAlTJbl.   Including  type  III.  of  Scacchi,  Yesuyius ;  alio  rare  finely  polished 

red  crystals  from  Brewster,  N.  Y. 

MonocHnic.  ^  A  ^  =  133^  40' ;  Aa^  =  133*'  40' ;  AA^^=  125^  13' ; 
^  Am  =  114°  55';  ^Am«  =  92°  58';  ^  A 71  =  132**  14';  ^  An*  =122^ 
57';  AAn^=i  97°  23'  ;AAn*'  =  97°  23' ;  ^  A/^  =  131°  28  ;AAr^  =  125° 
47' ;  Ca  r»  =132°  56' ;  CAr^=  137^  25'.     DesCloizeaux. 

These  letters  (those  employed  by  Scacchi)  coiTespond  to  the  following 
symbols : — 


A=:  O     i=|-i    n  = 
6^  =  i4     *'  =  1-i 


n*=-4    7^=-A-& 


n  =    4    n*  = 

n«=-^    n*'=     4    7^=      i'i 


r"=— f-l    r'=— f-i 
r«=     f-i    r«=     8-i 

DesCloizeaux  makes  the  plane  ^'  =  i-?*,  /^  =  /,  and  r**  =  —  1,  and  7-*  =  1. 
Twins:  twinning-plane  — |-i;  also  the  basal  plane  (Brewster).  Optic-axial 
plane  makes  an  angle  of  7i°  with  the  base,  Brewster  (Dana) ;  same  angle 
lor  Vesuvian  crystals  equals  12°  28'  (Klein),  about  11°  (DesCl.V  Acnte 
bisectrix  positive,  normal  to  clinopinacoid.  2Ha=84°  40'-85°  15',  yellow 
(Kl.).=84°  38'-85°  4'  white  crystals,  ar.d  =86°  40'-87°  14'  brown  crystals 
(DesCL).     Sections  of  crystals  often  shows  a  complex  twinned  structure. 

In  other  physical  and  in  chemical  characters  these  tliree  sub-species  are 
liai'dly  to  be  distinguished. 

II.=6-6-5.  G,=3*118-3'24.  Lustre  vitreous — resinous.  Color  of 
crystals  yellowish-white, citron-yellow,  honey-yellow, hyacinth-red,  brownish 
(Vesuvius^;  also  deep  garnet-red  (Brewster).  Color  of  the  mineral  occur- 
ring massive  and  in  rounded  imbedded  grains  (chondrodite  at  least  in  part) 
as  of  crystals,  also  sometimes  olive-green,  apple-green,  gray,  black.  Streak 
white,  or  slightly  yellowish,  or  grayish.  Transparent — subtitinslucont 
Fracture  subconchoidal — uneven. 
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Oomp. — The  ohemioal  inyeatigationB  of  Bammelsbexg  and  Tom  Bath  have  served  to  ahow 
a  oonsiderable  variation  in  composition  in  the  different  varieties,  bnt  do  sot  give  deoidedly 
different  formnlaa  to  the  three  types  of  Scaochi,  that  is,  the  three  minerals  described  above. 

In  general  Q.  ratio  for  Mg  :  Si=4  :  8  (li  :  1),  and  the  formula  then  Mg^SisOM  ;  or^  as  pre- 
ferred by  Eammelsberg,  Mg  :  Si=5  :  4  (li  :  1),  and  the  formula  is  then  MgftSisOo.  In  all 
cases  part  of  the  magnesium  is  replaced  by  iron,  and  part  of  the  ozygfen  by  fluorine  (Fs),  th« 
amount  varying  from  2^  to  8^  p.  a,  but  certainly  not  dependent  (v.  Bath  and  Bamm.)  upon 
the  three  types. 


Analyses: — 

L  Humite,  Vesuvius, 
U.  Chondrodite,  Vesuvius, 
II.  Chondrodite,  Brewster, 
n.  Chondrodite,  Sweden, 
III.  Clinohumito,  Vesuvius, 


Chondrodite (?), N.Jersey, 83*97    8*48   66*97    7*44 


SiO,  FeO  MgO      F 

8568  5-12  64*45  2*43  CaO  0*28  i^lO,  0*82=99-68,  v.  Bath. 

88-26  2*80  57-92  604  CaO  0*74  3^10.  106= 100-82,  Bamm. 

34  10  7-28  63-72  4-14  AID,  0-48=99 72,  Hawes. 

88-96  6-83  53*51  4*24  AID,  0-72=99  26,  v.  Bath. 

86*82  5*48  54-92  2*40  AlO,  0-24=99-86,  v.  Bath. 


=101-68,  Bamm. 


Pjrr.,  eto. — B.  B.  infusible ;  some  varieties  blacken  and  then  bum  white.  Fused  with  salt 
of  phosphorus  in  the  open  tube  gives  a  reaction  for  fluorine.  With  the  fluxes  a  reaotiou  f o^- 
iron.     Gelatinizes  with  acids.     Heated  with  sulphuric  add  gives  off  silicon  fluoride. 

Diff. — ^Distinguishing  characters  are :  infusibility ;  gelatinising  with  acids ;  fluorine  reac- 
tion with  sulphuric  acid. 

Obfl. — The  localities  of  the  crystallized  minerals  have  already  been  mentioned. 

The  gpranular  chondrodite  (?)  occurs  mostly  in  limestone.  It  is  found  in  Finland  and 
hi  Sweden ;  at  Taberg  in  Wennland  ;  at  Boden  in  Saxony  ;  on  Loch  Ness  in  Scotland ;  at 
Achmatovsk  in  the  Urol,  eto.  Abundant  in  the  counties  of  Sussex,  N.  J.,  and  Orange,  N.  Y., 
where  it  is  associated  with  spineL  In  N.  Jer%ey^  at  Bryam  ;  at  Sparta ;  at  Vernon,  Lockwood, 
and  Franklin.  In  JVl  York^  in  Orange  Co.,  in  Warwick,  Monroe,  eto. :  near  Edenville;  at 
the  Tilly  Foster  Iron  Mine,  Brewster.  Putnam  Go.  In  Mom.  ,  at  Cbelmsiord.  In  Penn, ,  near 
Chadsford.  In  Cana4a^  in  limestone  at  St.  Crosby  ;  St.  Jerome  ;  St.  Ad^e ;  Granville,  eto., 
jkbnndaa* 


TOURMAUNB.*  Tarmalin,  Qerm. 

Ehombohedral.   RhR  =  103%  OAli=z  134^  3' ;  c5  =  0-89526.    i A i 
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Gonvemenr,  N.Y. 


St.  Lawrence  Co. ,  N.Y, 


164°  59',  i  A*  =133^  8',i-2A4»  =  155°14',i-2Ai»  =  142^26'.    UsuaUy 
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hemihedral,  being  often  unlike  at  the  opposite  extremities,  or  heminiorphic, 
and  the  prisms  often  triangular.  Cleavage :  JK,  —  i.  and  i-2,  difficult. 
Sometimes  massive  compact;  also  columnar,  coarse  or  fine,  parallel  or 
divergent. 

n.=7-7*5.  G.=2-94-3-3.  Lustre  vitreous.  Color  black,  brownish- 
black,  bluish-black,  most  common  ;  blue,  green,  red,  and  sometimes  of  rich 
shades ;  rarely  white  or  colorless ;  some  specimens  red  intenially  and  green 
externally ;  and  others  red  at  one  extremity,  and  green,  blue,  or  black  at 
the  other.  Dichroic  (p.  165).  Streak  uncolored.  Transparent — opaque ; 
greater  transparency  across  the  prism  than  in  the  line  of  the  axis.  Ii*ac- 
ture  Bubconchoidal — uneven.     Brittle.     Pyroelectric  (p.  169). 

Var.— 1.  Ordinary.  In  orystala.  (a)  BubeUite ;  the  red  Bometimes  transparent  (b)  Iridic 
oolite;  the  bine,  either  pale  or  bluish -black  ;  named  from  the  indif(o-blue  color,  (e)  Brazilian 
Sapphire  (in  jewelry);  Berlin-blue  and  transparent;  (d)  Brazilian  Emerald^  ChrynoUte  {pt 
Peridot)  of  Brazil ;  green  and  transparent,  {e)  Peridot  of  Ceylon  ;  honey-yellow.  (/)  Ach- 
roite;  colorless  tourmaline,  from  Elba,  {g)  Aphrizite;  black  tourmaline,  from  KitLgetoe^ 
Norway,  {h)  Columnar  hnd  black ;  coarse  columnar.  Resembles  somewhat  hcnblende,  but 
nas  a  more  resinous  fracture,  and  is  without  distinct  cleavage  or  anything  like  a  fibrous 
appearance  in  the  texture. 

Comp. — Q.  ratio  of  all  varieties  for  B  :  Si=8  :  2  (Rammelsberg)»  consequently  the  general 
11    1  I  II 

formula  is  Rs(B6,{i)SiOft.  E  may  represent  here  H,  E,  Xa,  Li ;  also  B=Mg(Ga),Fe,Mn,  and 
R=:M,B3 ;  further  than  this  the  Si  is  often  in  part  replaced  by  Fg.  Rammelsberg  distin- 
guishes two  groups,  where  the  Q.  ratio  for  B  :  Al  :  Si=8  :  G  :  8,  and  (2)  with  the  Q.  ratio  for 

B  :  M  :  81=1  :  3  :  8.     In  the  first  group  fall  most  of  the  yellow,  brown,  and  black  varieties, 

II     1 

the  bivalent  elements  (Mg,Fe)  predominating,  the  general  formula  being  Ra(Re)RiiSi40tb. 

The  second  group  includes  the  colorless,  red,  and  slightly  green  kinds,  the  univalent  elemente 

I     II 

appearing  most  prominent,  especially  lithium.    The  general  formula  is  R8(R3)RbSi»04ft. 

Several  distinct  varieties  are  made  under  these  groups,  which  will  be  sufficiently  illustrated 
by  the  following  analyses,  by  Rammelsberg.  I.  Gouvemeur,  brown*;  G.  =8*049.  II.  Haddam, 
black;  G.=8136.  UI.  Goshen,  bluish-black;  G.=8-203.  IV.  Paris,  Me.,  red  ;  a.=8010. 
V.  Chesterfield,  Mass.,  green;  G.=8'069. 

SiO,  BaO,  AlOa  FeO  MnO  MgO  CaO  Na^O  KaO  LijO      F  HaO 

I.  88-85  (8*85)  31 -32  1-14  —  14  89  160  1-28  0-26  —  —  2-31=10000 

11.  87-50  (9-02)  80-87  8*54  —  8-60  1-83  I'OO  OTS  —  —  1 -81=100-00 

III.   36-22  10-65  38-86  11-95  1-25  068  —  1-75  0*40  084  0  82  2-21=100-82 

rV.  38-19  9-97  42-63      1-94  0-89  0-45  260  068  M7  118  2  00=10020 

V.  38-46  9-73  86-80  6-38  078  1-88  —  247  047  0-72  055  2-31=100-66 

Pyr.,  etc. — I.  fuse  rather  easily  to  a  white  blebby  glass  or  slag ;  II.  fuse  with  a  strong  heat 
to  a  blebby  slag  or  enamel ;  III.  fuse  with  difficulty,  or,  in  some,  only  on  the  edges;  IV.  fuse 
on  the  edges,  and  often  with  g^eat  difficulty,  and  some  are  infusible  ;  V.  infusible,  but  becom- 
ing white  or  paler.  With  the  fluxes  many  varieties  give  reactions  for  iron  and  manganese. 
Fused  with  a  mixture  of  potassium  bisulphate  and  fluorite  gives  a  strong  reaction  for  boracio 
acid.  By  heat  alone  tourmaline  loses  weight  from  the  evoluhicn  of  silicon  fluoride  and  per- 
haps also  boron  fluoride ;  and  only  after  previous  ignition  is  the  mineral  completely  decom- 
posed by  fluohydric  acid.  Not  decomposed  by  acids  (Ramin. ).  After  fusion  perfectly  decom- 
posed by  sulphuric  acid  (v.  Eobell). 

Diff. — Distinguished  by  its  form,  occurring  commonly  in  three-sided,  or  six-sided  prisms ; 
absence  of  cleavage  (unlike  hornblende).  It  is  less  easily  fusible  than  garnet  or  vesuvianiteu 
B.B.  (see  above)  gives  a  green  flame  (boron). 

Obs. — Tourmaline  is  usually  found  in  granite,  gneiss,  syenite,  mica,  chloritic  or  talcose  schist, 
dolomite,  granular  limestone,  and  sometimes  in  sandstone  near  dykes  of  igneous  rocks.  Tb« 
variety  in  granular  limestone  or  dolomite  is  commonly  brown. 

Prominent  localities  are  Eatherinenburg  in  Siberia ;  Elba ;  Windisch  Kappell  in  Carinthia  ; 
ttozena ;  Airolo,  Switzerland ;  St.  Gothard.  In  Great  Britain.  Bovey  Tracey  in  Devon : 
Cornwall,  at  different  localities ;  Aberdeen  in  Scotland,  etc. 

In  the  U.  States,  in  Maine^  at  Paris  and  Hebron.  In  Afass.^  at  Chesterfield ;  at  Goshen,  bluo. 
In  N,  Hdtnp,y  Grafton ;  Acworth,  etc.   In  Conn.,  at  Monroe  and  Haddam,  black.  In  Jff.  Vorkt 
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0001  Ooaremem;  near  Port  Heiiiy,  Eesez  Co.,  enoloHmf  ortboolase  (see  p.  109);  Plenopont; 
Dear  EdBurille.  InPrtnn,,  near  UnionTille;  at  Cbeatei ;  UHdtetonn,  and  elsewhera.  la 
Canada,  at  G.  CaJumet  III  ;   at  Fituoy,  C.  W.  ;   at  Hontontown,  O.  K ;   at  Bathwvt  uni 


Oehlenitb. — TetiBg^onal.  Color  grariah-^reen.  Q,  ntio  for  B  :  fi  :  Si=8  :  8  :  4,  or  S  :  3 
for  bMOB  and  eiUooa.  FormalaOaifiSiiO.D,  with  R=A1  ;  Fe=S  :  1;  this  leqnireaSilioa  308, 
•Inmiiu  31  0,  Iron  Msquiozide  64,  limo  1-20=100.    Ht  Houzoni,  Faiaathal,  Tjrol. 

ANDALnBTTB. 

Orthorhombic.     /A  /=  90°  48',  0  A  1-i  =  144°  S2' ;  c:i:d=  0-71241 
;  I'OliOo  :  1.     Cleavage:  /  perfect  in  crystals  from 
Brazil ;  i-t  less  pei-fect;  ii  in  traces.     Massive,  im-  W8 

perfectly  columnar,  sometimes  radiated,  and  granular, 

H.=7*i' ;  in  some  opaqne  kinds  ,3-6.  (i.=3-05— 
8-35,  mostly  3-l-3'2.  Lustre  vitreous  ;  often  weak. 
Color  whitish,  rose-red,  tlesh-red,  violet,  pearVjgray, 
reddish-brown,  olive-green.  Streak  nneolored.  Trans- 
parent to  opaque,  usually  subtranshicent.  Fruutnre 
Dueven.  subconcboidal. 

Var.^1.  Orrtinary.  H.=:7-Soatheba«i]faoe,  if  notelwwbeTe. 
2.  O/iiaitoUtl  (maole),  Sterling-.  Mosi.  Stoat  cryatala  haviog  the 
u:ia  and  aog-lea  of  a  different  oolor  fiom  the  rest,  owing  to  a  regn- 
laT  a-rongement  ol  impaiittea  throngh  the  iaterior,  and  hence  ei- 
hiLiIiDg  a  ootored  crosa,  or  a  tewelated  appearanoe  in  n  tianaterBS 
(actiOQ.  H.  =3-7-5,  varying  much  with  the  degree  of  imparity. 
Tha  foUowiog  figoie  ahowa  aectioai  of  aome  crystals  (see  alao  p.  110). 

004 

Oomp— g.  ratio  for  R  :  Bi=8  :  2;  iUSiO.=SiUaa36'9,  alumina  SSlslOO.  Sometimeaa 
little  FeOt  ia  present. 

Pyr.,  etc. — RB.  infoaible.  With  oobalt  aolntion  gives  a  blae  color.  Kot  decompoeed  by 
aoida.     Deoompoged  on  fosion  with  cauatio  alkalies  and  alkaline  cacbonatea. 

Di£ — Distingoiahirif^  characters :  infoaibility  ;  hncdueBa;  and  the  form,  bein^  nearly  that 
of  a  aquare  priem,  unlike  stanrolite. 

Obi. — Host  common  in  argillaceons  schiat.  or  other  aohiata  imperfectly  crystalline  ;  olao  in 
gneisH,  mioa  achiat.  and  related  rocks.  Foaod  in  Spain,  in  Andalnsia.  and  thence  tlie  nama 
of  the  apecieB ;  in  the  Tyrol,  Lisena  valley  ;  in  8axony,  at  BriLanadorl,  and  elsewhere.  In 
Iceland.  In  Brazil,  province  of  Minos  Oeraes  (transporeDt).  Common  in  cryatalline  rocka  at 
Kew  England  and  Canada ;  good  cryntala  have  been  obtained  in  Delaware  Co.,  Penn.,  ato.' 
alao  tit  Califotnia ;  in  Mara.,  at  Sterling  (eAiiutoIiCf}. 


FIBROOm.    Bncholzite.     Silllmanite. 

Ortliorliombic,  /a  /=  96°  (o  95°  in  the  smoothest  crystals ;  nsnally  largei, 
the  faces  /  striated,  and  passiug  into  i-2.  Cleavage  :  i-i  very  perfect,  Dril- 
liaiit.  Crystals  coinmnnly  long  and  slender.  Also  fibrous  or  colnmnu 
DiHssive,  soiiictiiiiefi  i-adiatiug. 
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H.=6-7.  G.=8'2-8'3.  Lastre  vitreous,  approaching  snbadaiDanth/e 
Color  hair-brown,  grayish-brown,  grayish- white,  grayish-green,  pale  olive- 
green.     Streak  nncolored.     Transparent  to  translucent. 

Var. — 1.  SiUimanite.  In  long,  Blender  ciystalSf  passing  into  fibrous,  with  the  fibres  separ- 
able. 3.  FibrcUte.  Fibrous  or  fine  columnar,  firm  and  compact,  sometimes  radiated  ;  gray* 
ish- white  to  pale  bzown,  and  pale  olive-green  or  greenish-gray.  JJuehokUe  and  monroUU  arc 
here  included ;  the  latter  is  radiated  columnar,  and  of  the  greenish  color  mentioned. 

Comp — 3\aiSiO«,  as  for  andalu8ite=  Silica  86  0,  alumina  63*1  =  100. 

P3rr.,  etc.— Same  as  given  under  andalusite. 

Di£ — Distinguished  from  tremolite  by  its  infusibility ;  also  by  its  brilliant  diagonal  deav- 
age,  in  which  and  in  its  specific  gravity  it  differs  from  cyanite. 

Obs. — Occurs  in  gneiss,  mica  schist,  and  related  metamorphio  rocks.  In  the  Fassathal, 
Tyrol  {buchoizite) ;  at  Bodenmais  in  Bavaria,  etc.  In  the  United  States,  at  Worcester,  Mom. 
Near  Norwich,  Conn,  ;  at  Chester,  near  Saybrook  {sUUmaniU),  In  N.  York,  in  Monroe, 
Orange  Co.  (monroUte),  In  Peniu^  at  Chester  on  the  Delaware;  in  Delaware  Co.,  eta  In 
Delaware^  at  Brandywine  Springs.    In  N.  CardUna^  with  corundum. 

Fibrolite  was  much  used  for  stone  implements  in  western  Europe  in  the  *'  Stone  age.** 

W6BTHITB,  a  hydrous  fibrolite ;  Wbstanite  (Sweden)  is  related  in  composition. 


OTANTTB.*  Kyanite.    Disthene. 

Triclinic.  In  flattened  prisms ;  0  rarely  observed.  Crystals  oblong, 
usually  very  long  and  bladelike.  Cleavage:  i-i  distinct;  *-{  less  so;  O 
imperfect.     Also  coarsely  bladed  columnar  to  subfibrous. 

H.=5-7'25,  the  least  on  the  lateral  planes.  G.=3*45-3-7.  Lustre  vit- 
reous— pearly.  Color  blue,  white,  blue  along  the  centre  of  the  blades  or 
crystals  with  white  margins ;  also  gray,  green,  black.  Streak  uncolored. 
Transl  ucent — transparent. 

Var. — The  white  cyanite  is  sometimes  called  Rhcstmte, 

Comp.— :MSiO»=SUioa  8($'9,  alumina  63-1=100,  like  andalusite  and  fibroUte. 

Pyr«,  etc. — Same  as  for  andalusite. 

Diff. — Unlike  the  amphibole  group  of  minerals  in  its  infusibility  ;  occurrence  in  thin-bladed 
prisms  characteristic. 

Obs. — Occurs  principally  in  gneiss  and  mica  slate.  Found  at  St.  Gothard  in  Switzerland ; 
at  Greiner  and  Pfltsch  in  the  Tyrol;  also  in  Styria;  Carinthia ;  Bohemia.  In  i/oM.,  at 
Chesterfield,  etc.  In  Oonn.^  at  Litchfield ;  at  Oxford.  In  F^pnn^n^,  at  Thetford.  In  Penn,^ 
in  Chester  Co.;  and  Delaware  Ca    In  if.  Carolina. 


TOPAZ.* 

Orthorhombic.  /A  7  =  124°  17',  0  A  U  =  138°  3';  c:l:d  =0-90243 
:  1-8920  :  1  0M  =  134°  25',  1  A 1,  macr.,  =  141°  0'.  Crystals  usually 
hemihedra.,  the  extremities  being  unlike;  habit  prismatic.  Cleavage: 
basal,  highly  perfect.     Also  firm  columnar  ;  also  granular,  coarse  or  fine. 

H.=8.  G.=3-4-3-65.  Lustre  vitreous.  Color  straw-yellow,  wino- 
yellow,  white,  grayish,  greenish,  bluish,  reddish ;  pale.  Streak  uncolored 
Transparent — subtransmcent.      Fracture  Bubconchoidal,   uneven.      Pyro- 
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eldctnc.  Optic-axial  plane  i-l :  divergence  Tery  rariable,  sometimes  differ- 
ing mach  in  different  parts  of  uie  same  cr^atal ;  bisectrix  positive,  norma) 
to  O. 


1^^^^ 


Trambol],  CI. 


Oomp. — AlSiOi,  with  part  of  thBozjBenTsplaced  byflnorine(Pi) ;  ratio  of  Fi  :  0=1  ;  B= 
Sillccm  16-17,  alamiDDm  2958,  OTjgen  81-67,  fluorine  S0'Q8=I00. 

PyTq  etc. — B.B.  iatusible.  Soma  vorietieB  t&ke  a  wine-yellow  ot  pink  tingQ  when  heated. 
Fused  \n  the  open  tube  with  salt  of  phoaphorns  given  the  reaoticm  for  finorine.  With  oobAll 
tolntion  the  palveiized  mineral  gives  n  fine  blue  on  beaUng.  Only  partially  attaoked  by  euI- 
pbnrio  aoid. 

DiS.— DiBtingnishing  oharacteTs; — haTdneu,  greater  than  that  of  quarts;  intiuibllity ; 
lierFect  banal  cleavage.     B.B.  yieldi  flaotine. 

Obi. — Topai  occnn  in  gnetss  or  granite,  with  tonimaline,  mica,  and  beryl,  oocasimudlj 
with  apatite,  flnorite,  and  tin  ore ;  aleo  in  taloose  lOOk,  aa  in  Braiil,  witb.  eudass,  etc.,  oi 
in  mica  slate.  Fine  topaies  oome  from  the  Urals;  Samschatka  ; 'Brazil;  in  Cairngorm, 
Aberdeemhire ;  at  the  tin  mines  ot  Bohemia  and  Saxony.  P/ij/iaiite  (a  ooarae  variety),  ocean 
at  Fossnm,  Norway  ;  also  in  Dnrongo,  Hexicoj  at  La  Paz,  piovmce  of  QoanosDato.  In  the 
L'nited  States,  in  Conn.,  at  TrambnU.  In  A.  Car.,  at  Crowder's  Mountain.  In  UlaJt,ia 
TbomaA  llta. ;  from  gold  washings  of  Ongon. 


BDOLASB.* 

Monocliiiic.     C  =  79'  44'=  0  A  i4,  Th  T=  116"  0',  C»  A 14  =  146"  45' 
c:l:d  =  1-02943  :  1-5446  :  1  =  1  :  1-50048  :  0'97136. 
Cleavage :  t-»  very  perfect  and  brilliant ;   0,  i-i  ranch 
Ic88  distinct.     Fonna  only  in  crystalB. 

H.=7'5.  G.  =3-098  (Haid.)."  Lustre  vitreona,  aame- 
wlmt  pearly  on  the  cleavage-face.  ColorleM,  pale  inonn- 
tiiin -green,  passing  into  blue  and  white.  Streak  nn- 
ciilored.  Tmnsparent ;  occasionally  sub  transparent. 
Trat-tii re  cdiiclioiaal.     very  brittle. 

Oomp.— Q.ntlo for  H  :  Be  :  Al :  Si=zl  :S 
(H,  =  R.  and  8K=A1),  formula.  H,Be,AISi,0, 
85-aa,  gludna  17-89,  water  8  16=100. 

Pjrr.  etc. — In  the  closed  tube,  when  strongly  l^ited,  B.B.  gives  off 
water  (Damonr).  B.B.  in  the  foroeps  uraoks  and  whitens,  throws  oat 
poIntB,  and  foses  at  6'S  bo  a  white  enamel.    Not  acted  on  by  acids. 

Oba. — OocniB  in  Braatl,  at  Villa  Bioa ;  in  soatfaem  Ural,  near  the  river  Sanarko. 
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BATOLrm.    Hamboldtite. 


MonocUnic  (7=89^  54'=  (9  (below)  A i-f,  /a7=115°  8',  (9a14=: 
162^  27' ;  (5 :  J  :  a  =  0-49695  : 1-5712  : 1.  0^  -24  =  135°  13',  d?  A 1  = 
149°  33',  /A  /front  =  115^  3',  2-1 A  2-i,  ov.  (9,  =  115°  21',  i-i  A  i-S,  ov.  i-i, 
=  76*  18',  4-i  A  4-i,  ov.  O,  =  76°  88.  Cleavage :  O  distinct.  AIbo  botry- 
oidal  and  globular,  having  a  columnar  structure ;  also  divergent  and  radi- 
ating ;  also  massive,  granular  to  compact 


612 


613 


614 


Bexgen  Hill. 


Beigcn  HiU. 


ArondaL 


H.=5*-5*5.  G.=2'8-3;  2989,  Arendal,  Haidinger.  Lnstre  v-itreons, 
rarely  subresinons  on  a  surface  of  fmcture ;  color  white ;  sometimes  gray- 
ish, pale-ffreen,  yellow,  red,  or  amethystine,  rarely  dirty  olive-green  or 
honey-yeliow.  Streak  white.  Translucent;  rarely  opaque  white.  Frac- 
ture uneven,  subconchoidal.  Brittle.  Plane  of  optic-axes  ?-t;  nnn^le  of 
divergence  very  obtuse  ;  bisectrix  makes  an  angle  ot  4"  with  a  normril  to  j-i 


T«r.^l.  Ordinary.    In  oiyitalB,  gltmj  in  aqieot    Uraal  foraui  as  in  figoxes.    2   Cofi^NMl 
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matsioe.  White  opaque,  breaking  with  the  snifaoe  of  porcelain  or  Wedgewood  waze.  From 
the  L.  Superior  region.  3.  Botryoidal ;  BotrycUte,  Badiated  columnar,  having  a  botiyoidal 
surface,  and  containing  more  water  than  the  czTstals.  The  original  locality  of  both  the  arys* 
tallizod  and  botrjoidal  woe  Arendal,  Norway.  Uaytorite  ia  d^tolite  altered  to  oholoedooyt 
from  the  Hay  tor  Iron  Mine,  England. 

Comp  — Q.  ratio  for  H  :  Ga  :  B  :  Si=l  :  2  :  8  :  4,  like  endase:  formula  HaCaiBsSiiOio^ 
Silica  37-5,  boron trioxide  21*0,  limeSSO,  water5'0=100.  Botryolitecontainfll0'04p.a  water. 

Pyr.,  etc. — In  the  closed  tube  gives  off  much  water.  B.6.  fuses  at  2  with  intumescence  to 
a  dear  glass,  coloring  the  Hume  bright  green.    GelatiniEes  with  hydroohlorio  acid. 

Diff. — Distinguishing  characters  :  glassy  lustre  j  usually  complex  crystallization ;  B.B. 
fuses  easily  with  a  green  flame  ;  gelatinizes  with  acids. 

Oba. — Datolite  is  found  in  trappean  rocks  ;  also  in  gneiss,  dioryte,  and  serpentine  ;  in  me- 
tallic veins ;  sometimes  also  in  beds  of  iron  ore.  Found  in  Scotland  ;  at  Arendal ;  at  Andreas- 
beig ;  at  Baveno  near  Logo  Maggiore  ;  at  the  Seisser  Alp,  Tjrrol ;  at  Toggiana  in  Modena,  in 
eerpcoitine.  In  good  specimens  at  Bearing  Brook,  near  New  EUiven ;  also  alT  many  othei 
looalitioe  in  the  trap  rocks  of  Ck>nnecticut ;  in  N.  Jersey,  at  Bergen  Hill ;  in  the  Lake  Snperioi 
region,  and  on  Lde  Boyale.    San  Carlos,  Inyo  Co.,  Cal.,  with  garnet  and  vesuvianite. 


TTTANITB.*  Sfhens. 


Monoclinic.  67  =  60*  17'  =  (?  A  i-i ;  lA  /  =  113«  31',  (?  A 14  =  169* 
39' ;  6:b:  d=:  0-56586  : 1-3251  :  1.  Cleavage :  /  sometimes  nearly  per- 
fect ;  i-i  and  —l  much  less  so ;  rarely  (in  greenovite)  2  easy,  —2  less  so ; 
sometimes  hemimorphic.  Twins :  twinning-plane  i-i ;  usually  producinff 
thin  tables  with  a  reentering  angle  along  one  side  ;  sometimes  elongatocU 
as  in  f.  623.     Sometimes  massjive,  compact ;  rarely  lamellar. 
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Semeline. 


Greenovite. 
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X^i^J  VhV 


Ledbrite.  SpinthSre.        fichwafzetiftellL 

lL=5-5*5.     G.=3'4-3*56.    Lustre  adamantine — resinous.    Coloi  brown, 
gray,  yellow,  groen,  and  black.    Streak  white,  slightly  reddish  in  greenovite 
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Transparent— opaque.  Brittle.  Optic-axial  piano  i-i  ;  bisectrix  poeitivb 
very  closely  normal  to  l-i  {x)  ;  double  refraction  strong  ;  ax^'al  divergence 
58^-56^  for  the  red  rays,  46^^5^  for  the  blue  ;  DesCl. 

Oomp.,  Var.— Q.  ratio  for  Ca  :  Ti  :  Si=l  :  2  :  2,  or  makmg  the  Ti  basic  (Ti=2R),  R  :  Si 
scS  :  2 ;  formula  (equivalent  to  fiSiO«)  GaTiSiO»=SiHca  30*61,  titanic  oxide  40*82,  lime  28-57 
=100. 

Var. — Ordinary,  (a)  Titanite;  brown  to  black,  the  original  being  thus  colored,  also  opaque 
or  eabtranslucent.  {b)  Sphene  (named  from  cr^^v^awedge) ;  of  light  shades,  as  yellow,  green- 
ish, etc.,  and  often  translucent;  tiie  original  was  yellow.  Manganesian ;  QreenovUe,  Bed 
or  rose-colored,  owing  to  the  presence  of  a  little  manganese.  In  the  crystals  there  is  a  great 
diversity  of  form,  arising  from  an  elongation  or  not  into  a  prism,  and  from  the  oooorrence  of 
the  elongation  in  the  direction  of  different  diameters  of  the  fundamental  form. 

"Byr^  eto. — B.  B.  some  varieties  change  color,  becoming  yellow,  and  fuse  at  8  with  inta- 
niescenoe,  to  a  yeUow,  brown,  or  black  glass.  With  borax  they  afford  a  clear  yellowish-green 
glass.  Imperfectly  soluble  in  heated  hydrochloric  acid :  and  if  the  solution  be  concentrated 
along  with  tin,  it  becomes  of  a  fine  violet  color.  Witn  salt  of  phosphorus  in  B.F.  gives  a 
violet  bead  ;  varieties  containing  much  iron  require  to  be  treated  with  the  flux  on  charcoal 
with  metallic  tin.     Completely  decomposed  by  sulphuric  and  fluohydric  acids. 

Diff. — The  resinous  lustre  is  very  characteristic  ;  and  its  commonly  occurring  wedge-shaped 
form.     B.B.  gives  a  titanium  reaction. 

Obs. — Titanite  occurs  in  imbedded  crystals,  in  granite,  gneiss,  mica  schist,  syenite,  chlorite 
Bohist,  and  granular  limestone  ;  also  in  beds  of  iron  ore,  and  volcanic  rocks,  and  often  asso- 
ciated with  pyroxene,  hornblende,  chlorite,  scapolite,  xircon,  etc.  Found  at  St.  (3k>thard,  and 
elsewhere  in  the  Alps;  in  the  protogine  of  Ghamouni  {piciite^  Saus.);  at  Ala,  Piedmont 
{Ugurite) ;  at  Arendal,  in  Norway  ;  at  Achmatovsk,  Urals ;  at  St.  Marcel  in  Piedmont  {green- 
acite^  Duf .) ;  at  Schwarzenstein,  Tyrol ;  in  the  Untersulzbachthal  in  Pinzgau  ;  near  Tavistock ; 
near  Tremadoo,  in  North  Wales. 

Occurs  in  Canada^  at  Grenville,  Elmsley,  etc.  In  Maine^  at  Sanford.  In  Mass.^  at  Bol- 
ton ;  at  Pelham.  In  Ji.  7ork^  at  Gouvemeur ;  at  Diana,  in  dark-brown  crystals  {lederite) ; 
in  Orange  Co.;  near  Edenville ;  near  Warwick.  In  N.  Jersey^  at  Franklin.  In  Penn.^  Bucks 
Co.,  near  Attleboro\ 

GUARINITB. — Same  composition  as  titanite,  but  orthorhombio  (v.  Lang  and  Guiscardi)  in 
orystallization.     Color  yellow.     Mt  Somma. 

Keilhauitb  (Yttrotitanite). — Near  sphene  in  form  and  composition,  but  containing  alu- 
mina and  yttria.     Arendal,  Norway. 

TsCHBFFKmiTB. — Analogous  to  keilhauite  in  composition,  containing,  besides  titaninm, 
also  cerium  (La,Di).     Occurs  massive.     Umen  Mts. 


BTAUROIiITB. 


Orthorhombio.    /A  7  =  129^  20',  (9  A  1-i  =  124^  46' :  c\lid  —  1'4406 
:  2*11283  :  1.     Cleavage:  i-i  distinct,  but  interrupted;  /  in  traces.     Twine 
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cruciform :  twinning-plane  t-f  (f .  628) ;  f  i  (f .  629) ;  and  }-f  (f .  630).    Pig. 
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631 18  a  drilling  acscording  to  the  last  method  of  twiuniDg,  and  in  f .  632  both 
methods  are  combined.     See  also 
p.  90  and  p.  98.      Crystals  often 
with    rough    surfaces.      Massive 
forms  unobserved. 

H.=7-7-5.  G.=3-4-3-8.  Sub- 
vitrcons,  inclining  to  resinous. 
Color  dark  redaisli-brown  to 
brownish-black,  and  yellowish- 
biX)wn.  Streak  nncolored  to 
grayish.  Translucent — nearly  or 
quite  opaque.  Fracture  couchoidal. 

Oomp.,  Var. — Q.  ratio,  according  to  Rammelfiberg,  for  B  :  R  :  Si=2  :  9  :  6  (where  B  is  Fa 
and  Mg,  and  also  includes  fl,,  with  Hs  :  B=l  :  8).  Formula  H9Bs:M6^i60s4  (if  Mg  :  Fe=l  :  8) 
=Silioa  30-87,  alumina  51*92,  iron  protoxide  13 '66,  magnesia  2  53,  water  t '52=100.  The 
iron  was  first  taken  as  FeOa,  but  Mitscherlich  showed  that  it  was  really  FeO.  Staurolite 
often  includes  impurities,  especially  free  quartz,  as  first  shown  by  Lechartier,  and  since  then 
by  Fischer,  Lasaulz,  and  Rammelsberg.  This  is  the  cause  of  the  variation  in  the  amount  of 
■Uica  appearing  in  most  analyses,  there  being  sometimes  as  much  as  50  p.  c. 

Pyr.,  etc. — B.B.  infusible,  excepting  the  manganesian  variety,  which  fuses  easily  to  a  black 
magnetic  glass.  With  the  fluxes  gives  reactions  for  iron,  and  sometimes  for  manganese. 
Imperfectly  decomposed  by  sulphuric  add. 

DifL — Always  in  crystals ;  the  pnsms  obtuse,  having  an  angle  of  129^. 

Obs. — Usually  found  in  mica  schist,  argillaceous  schist,  and  gneiss ;  of tezx  associated  with 
garnet,  cyanite,  and  tourmaline.  Occurs  with  cyanite  in  paragonite  schist,  at  Mt  Campions, 
Switzerliuid ;  at  the  Greiner  mountain,  and  elsewhere  in  the  Tyrol ;  in  Brittany  ;  in  Ireland. 
Abundant  tnroughout  the  mica  slate  of  New  England.  In  Mainey  at  Windham,  and  elsewheia. 
In  Masg.,  at  Chesterfield,  etc.    In  Fenn,    In  Georgia^  at  Canton  ;  and  in  Fannin  Co. 

SCHOBLOMITK.— Q.  ratio  for  Ca+Fe-hTi  :  Si=2  :  1,  nearly.  Analysis  by  Bamm.,  Arkan- 
sas, SiO,  26-09,  TiOa  21  ^si,  FeO,  2011,  FeO  1'57,  CaO  29*38,  MgO  l-36=99-85.  Color  taladk. 
Fracture  conchoidaL    Magnet  Cove,  Arkansas ;  Kaiserstuhlgebirge  in  Breisgau. 


HYDROUS   SILICATES. 


L  Genbbal  Section.    A.  Bisilioates. 

PBOTOLITB. 

Monoclinic,  isomoi'phous  with  wollastonite,  Greg.  Cleavage :  i-i  (orthoa.) 
perfect.  Twins :  twmning-plane  i-i.  Usually  in  close  aggregations  of  aci- 
cular  crystals.     Fibrous  massive,  radiated  to  stellate. 

H.=5.  G.=2-68-2'78.  Lustre  of  the  surface  of  fractiu-e  silky  or  sub- 
vitreous.  Color  whitish  or  grayish.  Subtranslucent  to  opaque.  Tough. 
For  Bergen  mineral  optic-axial  plane  parallel  to  orthodiagonal,  and  very 
nearly  normal  to  i4 ;  acute  bisectrix  positive,  pamllel  to  ortnodiagonal,  and 
obtuse  bisectrix  nearly  normal  to  cleavage  plane  or  i-i  ;  axial  angle  in  oil, 
through  cleavage-plates,  143°-145° ;  DesCl. 

Var.— Almost  always  columnar  or  fibrous,  and  divergent,  the  fibres  often  2  or  8  inches  long, 
and  sometimes,  as  in  Ayrshire,  Scotland,  a  yard.  Besembles  in  aspect  fibrous  varieties  oi 
BAtrolite,  okenite,  thomsonite,  tremolite,  and  wollastonite. 
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Oomp. — Q.  ratio  for  H  :  Na  :  Ga  :  Si=l  :  1 :  4  :  12,  and  for  B  :  Si  (where  B  inclades  Ca^ 
and  H9«Na9)=l  :  2,  like  woUastonite ;  hence  formula  HNaGa9Si309= Silica  54*2,  lime  38*8, 
Boda  0*3,  water  2*7=100.  If  the  H  does  not  belong  with  the  bases,  then  the  formula  may  be 
(Ramm.)  NaaCa^SisOn+aq. 

Pyr.,  etc. — ^In  the  closed  tube  yields  water.     B.B.  fuses  at  2  to  a  white  onameL     Gela 
tinizes  with  hydrochloric  acid.     Often  gives  out  a  light  when  broken  in  the  dark. 

Obs. — Occurs  mostly  in  trap  and  related  rocks,  in  cavities  or  seams ;  occasionally  in  meta- 
morphio rocks.  Found  in  Scotland,  near  Edinburgh;  in  Ayrshire;  and  at  Taliver,  eto.,L 
Skye ;  at  Mt.  Baldo  and  Mt  Monzoni  in  the  Tyrol ;  in  Wermland ;  at  Bergen  Hill,  N.  J. : 
oomiMMt  at  Isle  Boyale,  L.  Superior. 


Monoclinic. 
683 


IiAUMONTITE.    Gaporcianite. 

(7=  68^40',  /A/=  86°  16',  <?  A^l-i  =  151°  9';  6:b:d  = 
0-516  :  0-8727  :  1.  Prism  with  very  oblique  terminal  plane 
2-i,  the  most  common  form.  Cleavage :  i-i  and  /perfect; 
iri  imperfect.  Twins :  twinning-plaue  i-i.  Also  columnar, 
radiating  or  divergent. 

H.=3-5-4.  G.=2-25-2-36.  Lustre  vitreous,  inclining 
to  pearly  upon  the  faces  of  cleavage.  Color  white,  passing 
into  yellow  or  gray,  sometimes  red.  Streak  imcoloreo. 
Transparent — translucent;  becoming  opaque  and  usually 
pulverulent  on  exposure.  Fracture  scarcely  observable, 
uneven.  Not  very  brittle.  Double  refraction  weak ;  optic- 
axial  plane  il;  divergence  52°  24'  for  the  red  rays;  bisec- 
trix negative,  making  an  angle  of  20°  to  25°  with  a  normal 
to  i-i ;  JDesCl. 

Oomp Q.  ratio  for  B  :  B  :  Si :  B.—!  :  8  :  8  :  4 ;   and  R  :  Si=l  :  2  (3R=B).    B=Ga,  B 

=A\y  and  the  formula  is  hence  CaA;lSi40is+4aq= Silica  50  0,  alumina  21 '8,  lime  11*9,  water 
16  8=100. 

Pyr.,  etc. — Loses  part  of  its  water  over  sulphuric  acid,  bnt  a  red  heat  is  needed  to  drive 
off  aU.  B.B.  sweUs  up  and  fuses  at  2*7-^  to  a  white  enamel.  Gelatinizes  with  hydrochloric 
acid. 

Obs. — ^Laumontite  occurs  in  the  cavities  of  trap  or  amjf^daloid ;  also  in  porphyry  and  sye 
nite,  and  occasionally  in  veins  traversing  clay  slate  with  calcite.     Its  principal  localities  are 
at  the  Faroe  Islands  ;  Disko  in  Greenland  ;  in  Bohemia,  at  Bale  ;  St.  Gothard  in  Switzer- 
land ;  the  Fassathal ;  the  Kilpatrick  hills,  near  Glatsgow.    Nova  Scotia  affords  fine  specimens ; 
also  Lake  Superior,  in  the  copper  region,  and  on  I.  Boyale ;  also  Bergen  Hill.  N.  J. 

Okenfte. — Formula  H-.CaSiaOB+aq,  having  half  the  water  basic = Silica  56*0,  lime  26 '4, 
water  17-0=100.     Commonly  fibrous.     Color  white,     Faroe  Is.;  Disco,  Greenland;  Iceland. 

Gtrolite. — Occurs  in  radiated  concretions  at  the  Isle  of  Skye;  Nova  Scotia.  Formula 
perhaps  HsCaaSisOo+aq.  Centrallassitk.  Belated  to  okenite,  but  contains  1  molecule 
more  water.     In  trap  of  Nova  Scotia. 


OHRTSOOOLLA.*  Kieselkupfer,  Oerm. 

Cryptocrystalline ;  often  opal-like  or  enamel-like  in  texture;  earthy. 
Incrnsting,  or  filling  seams.     Sometimes  botryoidal. 

Il.=2-4.  G.=2-2-238.  Lustre  vitreous,  shining,  earthy.  Color  moun- 
tain-green, bluish-green,pa8sing  into  sky-blue  and  turquois-blue;  brown  to 
black  when  impure.  Streak,  when  pure,  white,  li-anslucent — opaque. 
Fracture  conchoidal.     Katlier  sectile  ;  translucent  varieties  brittle. 
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Oomp. — Compofdtion  varies  much  through  impurities,  as  with  other  amorphous  Bubstances, 
resnlting  from  alteration.  As  the  silica  has  been  derived  from  the  decomposition  of  othei 
bilicates,  it  is  natural  that  an  excess  should  appear  in  manj  analyses.  True  chrysocoUa  cor- 
responds to  the  Q  ratio  for  Gu  :  Si  :  H,  1:2:  2=GuSiOs+2aq= Silica  34*2,  copper  oxide 
45 '8,  wat'^r  20*5  =  100.  But  some  analyses  afford  1:2:3,  and  1:2:4.  Impure  chiysocolla 
oiay  contain,  besides  free  silica,  various  other  impurities,  the  color  varying  from  bluish-green 
to  brown  and  black,  the  last  especially  when  manganese  or  copper  is  preHeut. 

P3nr>i  etc — In  the  closed  tube  blackens  and  yields  water.  B.B.  decrepitates,  colors  the 
flame  emerald-green,  but  is  infusible.  With  the  fluxes  gives  the  reactions  for  copper.  Witli 
soda  and  charcoal  a  globule  of  metallic  copper.    Decomposed  by  acids  without  gelatinizaUoii. 

Diff. — Color  more  bluidi-green  than  that  of  malachite,  and  it  does  not  effervesce  with 
acids. 

Obs. — Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  veins. 
Found  in  most  copper  mines  in  Cornwall;  at  Libethen  in  Hungary;  at  Falkenstein  and 
Schwatz  in  the  Tyrol;  in  Siberia;  the  Bannat;  Thuringia;  Schneeberg,  Saxony;  Kupfer- 
berg,  Bavaria;  South  Australia ;  Chili,  etc.  In  Somerville  and  Schuyler^s  mines,  New  Jersey  j 
at  Morgantown,  Pa. ;  at  Cornwall,  Lebanon  Co.  ;  Nova  Scotia,  at  the  Basin  of  Mines;  also 
in  Wisconsin  and  Michigan. 

Dkmidoffitb  ;  CYAMOcnALCiTS ;  Resanitb;  near  chrysooolla. 

Cataflbiitb.— Analysis  (Bamm.),  SiO,  39  78,  ZrO,  40*12,  CaO  8-45.  Na,0  7-50,  H,0  9-94 
« 100 '18.     HezagonaL     Color  yellowish-brown,    LamSe,  near  Brevig,  Norway. 


B.  UNISILICATES. 


OALAMINB.    Oalmei;   Kieselzinken,  Oerm, 
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Ofthorhombic ;   hemimorphic-heinihedral.     /A /=  104®  13',  (?Al-i  = 
U8®  31',  Daubar ;  c:b:d=:  0 6124  :  12850  : 1.    Cleav- 
age:  /,  perfect;   O^  in  traces.     Also  stalactitic,  mammil- 
lated,  botrjoidal,  and   fibrous  forms;   also  massive  and 
granular. 

H.=4'5-5,  the  latter  when  crystallized.  G.=3*16-3*9. 
Lustre  vitreous,  O  suhpearly,  sonietin)es  adamantine.  Color 
white ;  sometimes  with  a  delicate  bluish  or  i^reenish  sliade ; 
also  yellowish  to  brown.  Streak  white.  Transparent — 
translucent.     Fracture  uneven.     Brittle.     Pyroelecti'ic. 

Oomp.— Q.  ratio  for  R  :  Si :  H=l  :  1  :  i  ;  Zn5iSi04+aq=  Silica  25  0, 
sine  oxide  ($7*5,  water  7  0  =  1 00. 

Pyr.,  eta — In  ihm  closed  tube  decrepitates,  whitens,  and  gives  ofP 
water.  B.B.  almost  infusible  iF.=6);  moistened  with  cobalt  solution 
gives  a  green  color  when  heated.  On  charcoal  with  soda  gives  a  coating  which  Is  yellow  while 
hot,  and  white  on  cooling.  Moistened  with  cobalt  solution,  and  heated  in  O.F.,  this  coating 
assumes  a  bright  green  color.  Gelatinises  with  acids  even  when  previously  ignited.  Decom- 
posed by  acetic  acid  with  gelatinization.     Soluble  in  a  strong  solution  of  caustic  pouish. 

Diff. — D'stinguishing  characters :  gelatinizing  with  acids  ;   infusibility ;  reaction  for  zina 

Obs. — Calamine  and  smithsonite  are  usually  found  associated  in  veins  or  beds  in  stratified 
calcareous  rocks  accompanying  blende,  ores  of  iron,  and  lead,  as  at  Aix  la  Ghapelle ;  Bleiberg 
in  Cariuthia ;  Retzbimya  ;  Schemnitz.  At  Boughten  Gill  in  Cumberland  ;  at  Alston  Moor ; 
near  Matlock  in  Derbyshire ;  at  Castleton  ;  Leadhills,  Scotland. 

In  the  United  States  occurs  with  smithsonite  in  Jefferson  county,  Missouri.  At  Stirling 
Hill,  N.  J.  In  Pennsylvania,  at  the  Perkiomen  and  Phenixville  lead  mines;  at  Bethlehem; 
at  FriedensviUe.    Abundant  in  Yizginia,  at  Austin's  mines. 
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Orthorhombic.  / A  /=  99°  56',  (?  A  1-i  =  146^  11  J' ;  <5 :  i  i  dE  =  0-6696S 
:  1*19035  : 1.  Cleavage :  basal,  distinct.  Tabular  crystals  often  united  bj 
O^  making  broken  forms,  often  barrel-shaped.  Usually  reniform,  globular, 
and  stalactitic  with  a  crystalline  surface.  Structure  imperfectly  columnar 
or  lamellar,  strongly  coherent ;  also  compact  granular  or  impalpable. 

H.=6-6'5.  G.=2-8-2-953.  Lustre  vitreous;  O  weak  pearly.  Color 
light  green,  oil-green,  passing  into  white  and  grav  ;  often  fading  on  expo- 
sure. Subtransparent — ^ti-anslucent ;  streak  uncolored.  Fracture  uneven. 
Somewhat  brittle. 

Oomp. — Q.  ratio  for  B  :  R  :  Si  :  H=2  :  8  :  6  :  1,  whence,  if  the  water  is  basic,  for  basei 
and  silicon,  1:1;  formula  HaOaii^Si]iOi«  or  Ca9A13i80ii+aq=SUica  48*6,  alumina  24*9, 
lime  27-1,  water  4-4=100. 

Pyr.,  etc. — In  the  closed  tnbe  yields  water.  B.  B.  fuses  at  2  with  intumescence  to  a  blebby 
enamel-like  glass.  Decomposed  bj  hydrochloric  acid  without  gelatinizii)g.  Caup/icUtey  which 
often  contains  dust  or  vegetable  matter,  blackens  and  emits  a  burnt  odor. 

Diff. — B.  B.  fuses  readily,  unlike  beryl  and  chalcedony.  Its  hardness  is  greater  than  that  of 
the  zeolites. 

Obs. — Occurs  in  gfranite,  gneiss,  syenite,  dioryte,  and  trappean  rocks  especially  the  last. 
At  Bourg  d^Oisans  in  lahre ;  in  the  Fassatbal,  Tyrol ;  Ala  in  Piedmont ;  Joachimsthal  in 
Bohemia ;  near  Andreasberg;  Arendal,  Norway ;  .^Jdolfurs  in  Sweden ;  in  Dumbartonshire ; 
in  Renfrewshire. 

In  the  United  States,  in  Connecticut ;  Bergen  HiU,  N.  J. ;  on  north  shore  of  Lake  Superior ; 
in  large  veins  in  the  Lake  Superior  copper  region. 

CHLOBASTKOLrrs  and  ZoNOCHLOBrrs  from  Lake  Superior  are  mixtures,  as  shown  by 
Hawes. 

YiLLARSiTB. — Probably  an  altered  chrysoUte.  Formula  RaSi04+iaq  (or  ^aq)  R=Mig  :  Fe 
=rll  :  1.     Traversella. 

Oerite,  Sweden,  and  Tritomite,  Norway,  contain  cerium,  lanthanum,  and  didymium. 
TnoBrrB  and  Obanoitb  contain  thorium     Norwsy. 

Parathobitb. — In  minute  orthorhombic  crystals,  imbedded  in  danburite  at  Danburj,  Ct. 
Chemical  nature  unknown. 

Pybosmalitb.— Analysis  by  Ludwig,  SiOa  84*66,  FeO  27*05,  MnO  25-60,  CaO  0-52,  MgO 
0*98,  HsOS-Sl,  CI  4-88=101'85.  In  hexagonal  tables.  Color  blackish-green.  Nya-Eoppai- 
beig,  etc.,  Sweden. 


Tetragonal.     OAl-i  =  128°  38';  c  =  1-2515. 


687 


638 


Crystals  sometimes  nearly 
cylindrical  or  barret 
shaped.  Twins :  twin- 
iiing-plane  the  octahe- 
dron 1.  Cleavage :  0 
highly  perfect;  /  less 
so.  Also  massive  and 
lamellar. 

II. =4-5-5.  G.=2-3- 
2-4.  Lustre  of  O  pearly ; 
of  the  other  faces  vitre- 
ous. Color  white,  or 
grayish ;  occasionally 
with  a  greenish,  yellow- 
ish, or  rose- red  tint,  flesh 


rod.     Streak  uncolored.     Transparent ;  rarely  opaque.     Brittle. 


OXYGEN  COMPOUNDS — IiyDEOUS  BILIOATES.  341 

Oomp.— Q  ratio  for  B  :  Si :  H  nsoidly  taken  as  1  :  4*:  2,  part  of  the  ozy^n  repla<;ed  by 
laorine  (Fs).  Aooording  to  Rammelsbeiigr  the  ratio  is  9  :  82  :  16  ;  he  writes  the  formula 
4(H«0aSi90«+aq)+KF.  This  requires:  Silica  52 -QT*,  lime  24-72,  potash  5*20,  water  1090, 
fluorine  2*10=100 '89.  It  maybe  taken  as  a  unisilicate  if  part  of  the  silica  is  considered 
accessory. 

P3nr^  etc.->In  the  dosed  tube  ezfoUates,  whitens,  and  yields  water,  which  reacts  acid.  lu 
the  open  tube,  when  fused  with  salt  of  phosphorus,  gives  a  fluorine  reaction.  B.  B.  exfoliates, 
colors  the  flame  violet  (potash),  and  fuses  to  a  white  vesicular  enamel  F.  =1*5.  Decom- 
posed by  hydrochloric  acid,  with  separation  of  slimy  silica. 

Diff. — Distinguishing  characters :  its  oocurrence  in  square  prisms ;  its  perfect  basal  cleav* 
age,  and  pearly  lustre  on  the  base. 

Obs. — Occurs  commonly  in  amygdaloid  and  related  rocks,  with  various  seolites ;  also  occa- 
sionally in  cavities  in  granite,  gneiss,  etc.  Greenland,  Iceland,  the  ParOe  Islands,  Andreaa- 
berg,  tne  Syhadree  Mountains  in  Bombay,  afford  fine  specimens.  In  America,  found  in 
Nova  Scotia ;  Bergen  Hill,  N.  J.;  tjie  Cliff  mine,  Lake  Superior  region. 

CHALCOMORPiJirK  («.  R(it?i)^  from  limestone  inclosures  in  the  lava  of  Niedermendg. 
Hexagonal.     Es-scntially  an  hydrous  calcium  silicate. 

EDINGTONITK.-Analysis  by  Heddle,  SiO.  36-98,  AID,  22*68,  BaO  26*84,  OaO  tr,  Na,0  tr., 
HsO  12-46=98-91.    Tetragonal.     Dumbarton,  Scotland. 

GiBMONDiTB.— Analysis,  Marignac,  SiO,  35-38,  AID,  27-28,  CaO  1312,  K,0  2*85,  H,O2110 
=100*18.     Capo  di  Bove,  near  Rome  ;  Baumgarten,  near  Giessen,  eta 

Gabpholite.— In  radiated  tufts  in  the  tin  mines  of  Schlackenwald ;  Wippxa  in  the  Hara. 
Basel  mostij  in  sesquioxide  state  (Al,Mn,Fe). 


SUBSILIOATES. 


Amorphous.  In  incrnstations,  usually  thin,  with  a  mam  miliary  surface, 
and  hyalite-like  ;  sometimes  stalactitic.     Occasionally  almost  pulverulent. 

H.=3.  G.=l'85-1'89.  Lustre  vitreous  to  snbresinous;  bright  and 
waxy  internally.  Color  pale  sky-blue,  sometimes  greenish  to  deep  green, 
brown,  yellow,  or  colorless.  Streak  uncolored.  Translucent.  Iracture 
imperfectly  conchoidal  and  shining,  to  earthy.    Very  brittle. 

Comp.— Q.  ratio  f or  Al :  Si :  H,  mo8tl7=8  :  2  :  6  (or  5) ;  AlSiOs+fiaq,  or  AlSiO.-h5aq= 
Silica  23*75,  alumina  40*62,  water  85 '63 =100.  PiumbaUophane,  from  Sardinia,  contains  a 
little  lead. 

The  coloring  matter  of  the  blue  variety  is  due  to  traces  of  chrysocoUa,  the  green  to  mala- 
chite, and  that  of  the  yeUowish  and  brown  to  iron. 

Pj^r.,  etc. — ^Yields  much  water  in  the  closed  tube.  B.B.  crumbles,  but  ia  infusible.  Givei 
a  blae  color  with  cobalt  solution.     Gelatinizes  with  hydrochloric  acid. 

Obs. — ^AUophane  is  regarded  &s  a  result  of  the  decomposition  of  some  aluminous  sUicate 
(feldspar,  etc.) ;  and  it  often  occurs  incrusting  fissures  or  cavities  in  mines,  especially  those 
of  copper  and  limonite,  and  even  in  beds  of  coaJ.  Found  at  Scbneeberg  in  Saxony  ;  at  Gen* 
bach  ;  at  the  Ohessy  oopper  mine,  near  Lyons;  near  Woolwich,  in  Kent,  England.  In  the 
U.  S.  it  occurs  at  Richmond,  KLass. ;  at  the  Friedensville  zinc  mines,  Pa. .  etc. 

GoLiiTBiTE. — A  hydrous  silicate  of  aluminum.  Clay-like  in  structure,  white.  Horei 
BnglanU;  Schemnita. 

Uranophanb,  from  Silesia,  and  Ubanotilb  ,  from  Wolaendorf,  Bavaria,  are  silicates  ooo 
taining  uranium. 


DESCBipnvB  insERiiaar, 


IL  Zeolttb  Sbotios. 


Orthorhombie. 


ISOMSONITB.    Couptoniu; 

/A  /=  90°  40' ;  Oa  14  =  144"  d' ;  6:1  id  =072^5  : 
I '01 17  : 1.  Cleavage :  ir-l  easily  obtained  ;  i-i  leas  bc  j 
O  in  traces.  Twins:  cruciform,  having  tlie  vertical 
axis  in  common.  Also  cohimnur,  strticture  ra^Jiated; 
in  radiated  spherical  concretions ;  also  amorphous  and 
compact. 

H.=5-5-5.  G.=2-3-2-4.  Vitreous,  more  or  lesg 
pearly.  Snow-wliite;  impure  varieties  brown.  Streak 
iincoloi-ed.  Transparent — translncent.  Fractnre  nneven. 
Brittle.  Pyi-oelectric.  Double  refraction  vrezk  ;  optic- 
iixial   plane  parallel   to    O;  bisectrix   pr«itivc,   normal 

82°-82i°  for  red  rays,  from  Dnrabarton  ;  DesCl. 

"Vta.— Ordinary,  (a)  In  regnlur  crystttla,  nanally  mora  or  less  rectangular  in  outline,  (t) 
'q  slender  piisma,  oFCen  veaiculai  to  radiated,  (c)  Radiated  fibroas.  (d)  Kpherioal  conL-re- 
Mons,  connsting  of  radiated  fibres  or  slender  cijntala.  (e)  MasaiTe,  graaalar  to  impalpable, 
and  wbite  to  red  dish- brown.     Oiarkite  la  massive  thomsonite  ;  TitutU  [Norway)  is  n-lated. 

Oomp— Q.  ratio  for  R(  =  Ca,Na,)  :  R,A1)  :  Bi  :  n=)  :"a  :  4  :  2i.  Ca  :  Na,=2  :  1,  or  3  :  1; 
(ormnlB  2|Ca,Sa,)AlSi,0|,-f  5aq.  AnaljBis,  Rammelsberg,  Dumbarton,  B!0,  38-00,  AlO. 
31-62,  CaO  1200,  Na,0  463,  H,0  13-40  =  100-20. 

Pyr.,  etc.— At  a  red  heat  Iobps  13'8  p.  c.  of  water,  and  the  mineral  becoTnes  fosed  to  > 
irhite  enamel.  B.B.  fuses  with  intmnegcenoe  at  2  to  a  white  enameL  Qelatinjzea  witb 
bydrocblorio  acid. 

ObB Fonud  in  cavities  in  lava  and  other  igneoos  roclis ;  and  also  in  Eome  metamorpbie 

locks,  with  elEBolite,  Oconcs  near  Kilpatrick,  Scotland  ;  in  the  lavas  of  Somma(eanip(oni'('<) ; 
in  Bohemia ;  in  Sicily ;  in  Faroe ;  the  Tyrol,  at  Theias ;  at  Monzoni,  Fassathal ;  at  Peter's 
Point,  Nova  Sootia ;  at  Magnet  Cove,  Arkansas  {eearkiU). 


divergence 


NATROLITB.    Hesotype,    KadekeoUth,  Qerm. 

Orthorhombie-    JhI=^V,   (9Al-i  =  144''  23';   h.l  \  i  =  0-Z5^^h: 
1'0176  ;  1.     Crystals  usually  slender,  often  acicular  ;  fre- 
WO  quently  interlacing  ;  divergent,  or  stellate.     Also  fibrous, 

radiating,  massive,  granular,  or  compact. 

II.=5-5-5.  G.=2-17-2-25 ;  2-249,  Bergen  Jlill, 
Brush.  Lustre  vitreons,  sometimes  inclining  to  pearly. 
especially  in  fibrous  varieties.  Ck)lor  white,  or  colorless; 
also  gi-ayish,  yellowish,  reddish  to  red.  Streak  uncolored. 
Transparent — translucent.  Double  refraction  weak ;  op- 
tic-axial plane  i-i;  bisectrix  positive,  parallel  to  edge 
///;  axial  divergence  !t4°-96  ,  red  rays,  for  Anvergne 
crystals ;  95°  12'  for  brcvicite ;  DesCl, 

B :  3(B=Na,,8E=R) ; 
w»l«r  9-46-100. 

Pyr.,  eto. — In  the  closed  tube  loses  water,  whitens  snd  becomes  opaque.  B.B.  fuses  qnlrtl] 
■I  S  to  a  colorless  i^asa.  Foiible  in  the  lame  of  au  oidituu?  st«aruie  or  «r»z  Middle.  OsU 
Uiiicee  with  aoids. 
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DIA — Some  varietisa  reseinble  pectoHte.  thomsonite.  bnt  diiitin^iihed  B.  B. 

ObB. — Occim  in  caiviues  in  amjjfdaJoidoI  trap,  batalt,  and  other  if^eona  rocks  ;  and  soma 
timns  in  seams  in  granite,  gneisH,  find  xjenite.  It  is  found  in  Bohemia  ;  in  AuTecpie  ;  Fasu 
thai,  Tjiol ;  EapniK  ;  at  Qlen  Farg  in  Fifeshire ;  in  Dam  bartonshira.  In  North  America, 
oooiuB  in  tho  trap  of  Nova  3cobia ;  at  Betgea  Hill,  N.  J.  ;  at  Copper  Falla,  Lake  Superim. 


SOOLBCITB.    Foonahlite. 

Monocliiiic     (7=  89°  6', /A  7=  91°  36',  (9  A  1-i  =  161°  164' ;  c:l:a 
=  0-3485  :  1-0282  :  1.     Crystals  long  or  shoi-t  prisms,  or 
acictilar,  rarely  well  terminated,  and  always  compound.  Ml 

Twins:  twinninjj-plaiiei-i.     Cleavage:  /iieai-Iy  perfect. 
Also  in  iiodnlea  or  massive ;  filirons  and  radiated. 

H.=5-5-5.  G.  =  2l6-2'4.  Lustre  Titreous,  or  silky 
when  fibrous.  Transparent  to  Bnbtraiisliicent.  Pyro- 
electric,  the  free  end  of  the  crystals  the  antilogne  pole. 
Double  refraction  weak ;  optic-axial  plane  nornml  to  i-i ; 
divergence  63°  41',  for  the  red  rays;  bisectrix  negative, 
parallel  to  i-i ;  plane  of  the  axis  of  the  red  lays  and  their 
bisectrix  inclined  about  17°  8'  to  i-i,  and  93°  3'  to  1-i. 

Oomp — Q.  ratio  for  B:  H  :  81  :  H=l  :8  :  6  :  3;  (orE;8B=fi)  :  Si=8  :  8,  asinnatrolita; 
B=Ca,ft=Al;  formoU  Oa&lSiiO,,+3aq=AiUoa  4585,  alumina  2(!'13,  lime  U'Sa,  water 
13-78  =  100. 

Fjrr.,  etn. — B.B.  Bometimea  cnrla  up  like  a  worm  (wheiioe  the  name  from  iricuAiif,  a  vx/rm, 
which  gives  icoUcitt,  and  not  fenUtUt  or  leolaile]  ;  other  varietiea  intnm  esce  but  slightly,  and 
all  fuse  at  2-3'2  to  a  white  hlebbj  eaamel.     GetatinizeB  with  acids  ^ke  aatrolite. 

CIS. — Characteriied  h;  He  pjrogaoitica. 

Ob*. — Occurs  in  the  Bemfionl,  Iceland  ;  also  at  StaSa  ;  loSkje,  atTaliaker  ;  nearPoonah, 
llindoslan  {Poona/iliie)  ■.  in  G-reenland  ;  at  Pai^ae,  Finland,  eto^ 

MiCBoLiTK.— (Ca,Na,)Al3iiOi,4-3aq(5p.c.  NftsO).    Near aoolecite.    loelandj  NovaSooldik 

Levthite.— Rhombohedr,!!.  Q,  ratio  forR  :  H  :  Si  :  H=l  :  3  :  G  :  4,  Anaijais,  Damonr, 
loeland,  310,  4S-7a,  lUO.  83-66,  CaO  10  C7,  Na.O  TSS,  K,0  1-64,  H.O  17'8a=100'28.     Ir». 


land;  ^ar 


ANALOITB.* 


]aomctric()).  Usually  in  trapezohedrons  (f,  54,  p.  18).  Cleavage; 
cnhic,  in  traces.     Also  massive  granular. 

n.  =  5-5-5.  G.=2-22-2-29 ;  2278,  Thomson.  Lustre  vitreous.  Oolor- 
leea ;  wliite ;  occasionally  grayish,  greenish,  yellowish,  or  i-eddish- white. 
Streak  white.  Transparent — nearly  opaque.  Fracture  aubcouL^hoidal, 
unevcu.     Brittle. 

Oomp.— Q.  ratio  for  B  :  H  ;  Si :  H=l  :  B  :  8  :  8,  B=Nai,  B= A1=8B ;  B  ;  8i=l  :  8.  For 
mulaNa,ArlSi.O,,-f  Saq  =  SilioaS4'4T,  alumina  23 '26,  soda  14-07,  water  H'17  =  100. 

Fjr.,  aM. — Yielda  water  in  the  olosed  tube.  B.B.  tnsee  at  2-5  to  a  colorless  ^lass.  Gtelatt- 
Dliea  with  hydrochloric  aold. 

DtS^ — DisLiuguisbing  cbacacters  :  orTstalllne  form  ;  absence  of  cleavage  ;  fusion  B,  B.  mth' 
mU  intameaoence  to  a  clear  glaas  (unlike  chabaiite). 

Obi.— Some  looalitiea  are :  the  T^rol ;  the  Eilpatnok  Hills  in  Scotland ;  the  Faroe  Uanda ; 
Iceland ;  Aussig,   Bohemia ;  Nova  Sootia ;   Berjisn  Hill,  New  Jenej  ;   the  Lake  SupeilM 


SM  DESOBUTEVB  MINEBALOGT. 

Faujasitb. — ^AzL  octahedral  zeolite  from  the  Kaiserstohlgebizge.    AnalysiSf  I>amoar,  SlOi 
1612,  AlO,  16-81,  OaO  4-79.  Na^O  609,  HjO  27-03=99-83. 

EuDNOFHiTR*    Near  analcite.    In  syenite  near  firevig,  Norway. 

PiiinnTE.  —In  slender  needles  (orthorhombic) ;  white ;  lustre  silky.  Analysis  SiOa  55 '70^ 
^0«(FeO.)  18*64,  CaO  19.51,  Li,0  (M8),  H,0  4-97=100.  In  granite  of  Striegan,  SUesu). 
[Loiauh). 


.* 


Rhombohedral.  5  A  ^  =  94°  46',  <?  A  J?  =  129°  15' ;  c  =  1-06.  Twins : 
twinning-plane  Oj  very  common,  and  nsnallv  in  compound  twins,  as  in 
f.  644 ;  also  Hy  rare.    Cleavage  rhombohedral,  rather  distinct. 

643  4M8  644 


Haydenite.  ^^^\^ 

H.=4r-6.  G.=2"08-2*19.  Lustre  vitreous.  Color  white,  flesh-red ; 
streak  uncolored.  Transparent — translucent.  Fracture  uneven.  Brittle. 
Double  refraction  weak ;  in  polarized  light,  images  rather  confused ;  axis 
in  some  crystals  (Bohemia)  negative,  in  othere  (from  Andreasberg)  posi- 
tive ;  DesCl. 

Var. — 1.  Ordinary,  The  most  common  form  Is  the  fundamental  rhombohedron,  in  which 
the  angle  is  so  near  ^O"*  that  the  crystals  were  at  first  mistaken  for  cubes.  AcadiaUie,  from 
Nova  Scotia  {Aoadia  of  the  French  of  last  century),  is  only  a  reddish  chabazite  ;  sometimes 
nearly  colorless.  In  some  specimens  the  coloring  matter  is  arranged  in  a  tesselated  manner, 
or  in  layers,  with  the  angles  almost  colorless.  2.  Phacolite  is  a  colorless  variety  occurring  in 
twins  of  mostly  a  hexagonal  form,  and  often  much  modified  so  as  to  be  lenticular  in  shape 
(whence  the  name,  from  <paK6s^  a  bean) ;  the  original  was  from  Leipa  in  Bohemia;  Rr\R 
=94'  24',  fr.  Oberatein,  Breith. 

Oomp.— Making  part  of  the  water  basic  (at  800"*  C.  loses  17-19  p.  c.)  Rammelsberg  writes 
the  formula  (H,K)9CaMSiftOi6+6aq,  where  the  Q.  ratio  for  R  :  ft  :  Si=2  :  3  :  10,  KtzH.^Na,, 
Ca*  or  (8R=ft),  R  :  Si=l  :  2.  The  formula  corresponds  to  Silica  50-50,  alumina  17'26,  lime 
9-48,  potash  1*98,  water  20-83=100. 

Pyr.,  etc. — B.B.  intumesoes  and  fuses  to  a  blebby  glass,  nearly  opaque.  Decomposed  by 
hydrochloric  add.  with  separation  of  slimy  silica. 

DifE. — Ita  rhombohedral  form,  resembling  a  cube,  is  characteristic  ;  is  harder,  and  does  not 
nfPenresce  with  acids  like  calcite;  is  unlike  fluorite  in  cleavage  ;  fuses  B.B.  with  intumes- 
cence to  a  blebby  glass,  unlike  analcite. 

Obs. — Chabazite  occurs  mostly  in  trap,  basalt,  or  amygdaloid,  and  occasionally  in  gneiss, 
syenite,  mica  schist,  homblendic  schist.  At  the  Faroe  Islands,  Greenland,  and  Iceland  ;  at 
Aussig  in  Bohemia  ;  Striegau,  Silesia.  In  Nova  Scotia,  wine-yellow  or  fiesh-red  (the  last  the 
aoadiaUte),  etc.;  at  Bergen  HiU,  N.  J.;  at  Joneses  Falls,  near  Baltimore  {haydenite). 

Sebbachite  {Ba/uer)  from  Richmond,  Victoria,  is,  according  to  v.  Rath,  identical  with 
phoMiUte ;  and  h*  suggests  the  same  may  be  true  of  hebsghblitb,  from  Aci  Castello,  Sicily. 


OXTQEN  OOHFOUNBS— HTDR0U8  SXLIOATBfl. 


345 


GMBZiXNITB. 
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0.  Blomidon,  eto. 


646 


JJhombohedral.  EnE=^  112*^  26',  OnRz=,0 A-1  =  140'  8' ;  h 
0*7254.  Crystals  usually 
hexagonal  in  aspect ;  some- 
cimes  habit  rhoTnb<>Iiedi*al ; 
i  often  horizontally  stri- 
ated. Cleavage:  i  perfect. 
Observed  only  in  crystals, 
and  never  as  twins. 

H.=4:-5.  a.=2-04-2-17. 
Lustre  vitreous.  Colorless, 
yellowish-white,  greenish- 
white,  reddish-wliite  flesh- 
red.  Transparent  to  trans- 
lucent.   Brittle. 


G.  Blomidon. 
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Oomp.-^.  ratio forR  :  »  :  Si :  H=:l  :  8  :  8  :  0,  R=Ca(Nai,K9),  R=A1.  Formula  (Oa,Na«) 
AaSi40,a+6aq.  Analysia  by  Howe,  Bergen  Hill,  SiO,  4867,  aWO.  18-72,  FeO,  010,  OaO 
2-60,  Na,0  914,  H,0  21-36=100-58  (Am.  J.  Sd.,  III.,  xii.,  270,  1876). 

Pyr.,  eto. — In  the  oloaed  tube  crambles,  gives  off  much  w'ater.  B.  B.  fuses  easily  to  a  white 
enamel.     Decomposed  by  bydroohloric  acid  with  gelatinization. 

Diff. — Closely  resembles  some  chabasite,  but  differs  decidedly  in  angle. 

Obs.^ — Occurs  at  Andreasbeig :  in  Translyrania ;  in  Antrim,  Ireland ;  near  Lame ;  at  Talisker 
in  Skye ;  at  Gape  Blomidon  and  other  localities  in  Noya  Sootia  (Udereriie) ;  in  fine  crystals  of 
▼aried  habit  at  the  Bergen  HiU  tunnel  of  1876. 

PHUiUPSITB.* 

Orthorhombic.  IaI-9V  12' ;  1  A 1  =  121°  20',  120°  44',  and  88°  40' 
Marignac.  Faces  1  and  i-l  striated  parallel  to 
the  edge  between  them.  Simple  crystals  nn- 
known.  Commonly  hi  crucifonn  crystals,  consist- 
ing of  two  crossing  crystals,  each  a  twinned 
prism  (f.  647).  Crystals  either  isolated,  or 
grouped  in  tufts  or  splieres  that  are  radiated 
within  and  bristled  with  angles  at  surface. 

H.  =4-4-5.  G, =2-201.  Lustre  vitreous. 
Color  white,  sometimes  reddish.  Streak  un- 
colored.    Translucent— opaque. 

Oompr— Q.  ratio  for  R  :  B  :  Si :  H^l  :  8  :  8  :  4,  R=Ga 
and  KaCNaa) ;  Oa  :  Kj=3  :  1,  2  :  8,  eta  Formula  RzVlSi40is 
H-4aq.  Analysis  by  Ettlinjf,  Nidda,  Hessen,  SiOa  48  18, 
2^10,  21-41,  CaO  8-21,  K3O  620,  Na,0  070,  H,0  16-78= 
100-48. 

Pyr..  etc.— B.B.  crambles  and  fuses  at  8  to  a  white  enameL 
Gelatinizes  with  hydroohlorio  auid. 

Diff. — Resembles  harmotome,  but  distinguished  B.B. 

Obs. — At  the  Giant's  Causeway,  Ireland ;  at  Capo  di  Bove. 
near  Rome  ;  in  Sicily  ;  Annerode,  near  Giessen ;  in  Silesia ; 
Bohemi!^ ;  on  the  west  coast  of  Iceland. 

Streug  (Jahrb.  Min.,  1876,  585)  shows  that  the  forms  are 
exactly  analogous  to  those  of  harmotome,  and  suggests  that 
It  may  be  also  monodinio. 


G.  di  BoYe. 


DEeOBIFTIVJ:   HIKEBALOQr. 


HABUCTOBSE. 


Ifonodinio  (DeBCIoizeanx).    Cleav&ge 


;  /,  (?,  easy.  Simple  crystals  iin- 
kno\sri].  Occurring  in  iveiietiti- 
tioii-twins.  Unknown  mas&iva 
H.  =4-5.  G.  =2-44-2;45. 
Lustre  vitreous.  Color  wliite  ; 
passing  into  gray,  jellow,  red, 
or  bi-own.  Streak  wliite.  Sub- 
transparent — translucent.  Frac- 
ture uneven,  imperfeetly  con- 
choidal.     Erittle. 

Oomp.— Q.  Tatio  tor  R  :  fi  r  3i  :  H 
=rl:3:10:0;  here  B=Ba  moBtly, 
alsoK, ;  R  =  A1.  Fonnola  RAlSiiO,, 
+(>aq.  If  one-fifth  of  the  water  ia 
ohemicall;  corabbed  (BBmmelsbergf\  then  th«  fonnalB  coneBpoDdn  to  HiR:^lSi,0ii+4aq. 
BothfonnnlaBB;ive8i]iC!a46-0l,  alumina  1570,  bar jta  20-00,  potash  lt-S4,  water  14W1)  =  100. 
Pyr.,  ato. — B,B.  whiteua,  then  crmables  and  fOHes  at  S'6  without  intumeBceuce  to  a  whito 
tranalncent  glasa.  Some  Tarieties  phosphoreace  when  heated.  Daoompoeed  by  hjdroohlorio 
add  without  gelatiniting. 

INfi. — Characterized  by  its  crystallization  in  twins;  the  presence  of  barium  aeparatea  it 
bom  other  specie  a. 

Ob«. — Harmotome  oocnn  in  amygdaloid,  phonolyte,  trachyte;  also  ou  gneiss,  and  in  some 
tnetalliferona  TeiQB.  At  Strontian  in  Scotland;  at  Andrenaberg ;  at  Rudelatadt  in  Sileaia, 
SohifCenbatg,  near  Gieasen,  etc. ;  Oberatein ;  in  the  gueisa  of  upper  New  Todi  City. 

DeaUloizeaux,  who  haa  abown  the  monoclinio  character  of  the  apedea  by  optical  meana,  has 
Adopted  a  different  pooition  foi  the  nryatola  (1  =/,  eto.). 


Strontian. 


Andreasbeij;. 


BTIIJBITII."  Deamlne. 

/A  7  =  94°  18',  lAl,  front,  =  119°  16',  side,  114*0'. 
Cleavage  ;  t-i  perfect,  t-t  less  so.  Fiirnis  as  in  f.  650 ; 
more  common  with  tiiD  prism  flattened  parallel  to  i-t 
or  the  cleavage-face,  and  pointed  at  the  extremities. 
Twins:  cnioirorm,  twinning-plnne.  1-t,  rare.  Common 
in  sheaf-like  aggresations ;  divergent  or  radiated;  some 
times  globular  ana  thin  laiTiellar-coluninai'. 

lI.=3-5-4.  G.=2-094-2-205.  Lustre  of  i-i  pearly; 
of  other  faces  vitrcons.  Color  wliite ;  occjisionally 
yellow,  brown,  or  red,  to  brick-red.  Streak  niicolored. 
Transparent — tranaliicent,     Fractui-c  uneven.     Brittle. 

Var. — I.   Ordinary.     Either  (a)  In  crystals,  flattened  and  pearly 

parallal  to  the  plane  of  clearage,  or  aheat-like,  or  divergent  groups; 

or  (A)  In  radiated  atara  or  bemiapherea.  with  the  radiating  indiTidnaU 

ahowing  a  pearly  oleavag*  surface.    Bphrrrottilbiu,  Beud,  is  in  apberea, 

radiat^  within  with  a  pearly  fracture.  lather  soft  eitcmHlly. 

Oompr— Q.ratIoforR  :  H  :  S;  :  H  =  l  :  »  ;  13  :  0;  R=Ca(Sa,),K=:^l.   Fonnnla R:^  131,0, « 

4'6aq.     U  two  parts  of  water  are  basic  (Ramm.)  the  ratio  becomea  (R=:Ca,H,,Na,)  8  :  8  :  13 

:4,  orB  :  8i=l  :  2.  and  the  formula  in  H,RAlSi.0ig-i-4B<i.     Analysis,  Petecnen,  Beifaer  Alp. 

«0,  6661,  AlO,  16  62,  CaO  733,  Na,0  2  01,  K,0  047,  H.O  I8-lB=BS-23. 

^JT-,  oto. — B.B.  exfoliatea.  sweUs  np,  ourTea  into  faa-lilce  or  vermionlar  fomu,  and  foMt 
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to  a  wliite  enamel  F.==2-2'5.  Decomposed  by  hydrochloric  acid,  without  gelatinizing.  Th« 
wphmrostMiU  gelatinizes,  bnt  Heddle  says  this  ia  owing  to  a  mixture  of  mesaUte  with  the  stil- 
bite. 

Di£ — ^Prominent  characters :  ocoarrenoe  in  sheaf -like  forms,  and  in  the  reotangnlar 
tabular  crystals ;  lustre  on  cleavage-face  pearly  ;  does  not  gelatinize  with  acids. 

Obs. — Stilbite  occurs  mostly  in  cavities  in  amygdaloid.  It  is  also  found  in  some  metal- 
liferous veins,  and  in  granite  and  gneiss.  The  Faroe  Islands,  Iceland,  and  the  lale  of  Bkye ; 
in  Dumbartonshire,  Scotland  ;  at  Andreasberg ;  Arendal  in  Norway ;  in  the  Syhadree 
Mts.,  Bombay  ;  near  Fahlun,  in  Sweden.  In  North  America,  at  Bergen  Hill,  New  Jersey  ; 
at  the  Michipicoten  Islands,  Lake  Superior  ;  Nova  Scotia,  etc. 

The  name  stilbite  is  from  ffr/A/?^,  liutre;  and  dssmine  from  f^fcr/z^,  a  bundle.  The  speolea 
stilbite,  as  adopted  by  Haiiy,  included  Strahlzeolith  Wsm.  (radiated  zeolite,  or  the  above), 
and  Bldtterzeolith  Wem.  (foliated  zeolite,  or  the  species  heulaudite  beyond).  The  former  wa» 
the  typical  port  of  the  species,  and  is  .the  first  mentioned  in  the  description  ;  and  the  lattei 
he  added  to  the  species,  as  he  observes,  with  much  hesitation.  In  1817,  Breithaupt  separated 
the  two  zeolites,  and  called  the  former  demnine  and  the  latter  euzedite^  thus  throwing  aside 
entirely,  contrary  to  rule  and  propriety,  Haiiy*s  name  stilbite^  which  should  have  been  accepted 
by  him  in  place  of  desmine,  it  being  the  typical  part  of  his  species.  In  1822,  Brooke  (ap- 
parently unaware  of  what  Breithaupt  had  done)  used  stilbiUtor  the  first,  and  named  the  other 
neuiandU^.  In  this  he  has  been  followed  by  the  French  and  English  mineralogists,  while  the 
Germans  have  unfortunately  followed  Breithaupt. 

Epistilbitb  (i2m«(^€). — Composition  like  heulandite,  but  form  orthorhombio.  Iceland; 
Faroe ;  Poonah,  India,  etc.  ;  Beigen  Hill,  S.  J. 

FoRESiTB. --Resembles  stilbite  in  form.  Q.  ratio  for  R  :  B  :  Si  :  H— 1  :  6  :  12  :  6.  Formula 
RAlaSiaOiv-f-Gaq.  (R^Naa  :  Ca=l  :  3).  Occurs  in  crystalline  crusts  on  tourmaline,  in  cftvitiei 
In  grranite.     Island  of  Elba. 


BBXTULNDXTB.    Stilbit,  Gernu 


Monoclinic.  G  =  88^  85',  /A  /=  136°  4',  O  A 14  =  156°  45' ;  c  :  J  :  li  = 
1*065  :  2-4786  :  1.      Cleavage :   clinodiagonal  (i-i)  emi- 
nent.   Also  in  globular  forms;  also  granular.  651 

H.=3'5-4.  G.=2*2.  Lustre  of  i-*  strong  pearly ;  of 
other  faces  vitreous.  Color  various  shades  of  white, 
passing  into  red,  gray,  and  brown.  Streak  white. 
Transparent — subtranslucent.  Fracture  subconchoidal, 
uneven.     Brittle.     Doable  refraction  weak ;  optic-axial 

Elane  normal  to  i-\ ;  bisectrix  positive,  parallel  to  the 
orizontal  diagonal  of  the  base ;  DesCl. 

Comp.—Q.  ratio  for  B  :  ft  :  Si :  H=l  :  8  :  12  :  6 ;  R=Ca(Naa). 
Formula  Oa2VlSioO,e+5aq,  or  if  2H  O  be  basic  (Ramm.)  then  the 
ratio  becomes  1  :  1  :  4  (B=Ca  and  Ha),  and  the  formula  H4Ca3\:lSi0 
Ois+8aq.  Both  require  Silica  59-06,  alumina  1683,  lime  7*^(8,  soda 
1-46,  water  14-77=100. 

Pyr.—  B.B.  same  as  with  stilbite. 

Diff. — Distil  guished  by  its  ciystalltne  form.     Pearly  lustre  of  t-i  a  prominent  character. 

Obs. — Heulandite  occurs  principally  in  amygdaloidal  rocks.  Also  in  gneiss,  and  ocoasionidly 
in  metalliferous  veins.  Occurs  in  Iceland ;  the  Far£)e  Islands ;  the  Vendayah  Mountains, 
Hindostan.  Also  in  the  KUpatrick  Hills,  near  Glasgow ;  in  the  Fassa  Valley,  Tyrol ;  An* 
dreasberg ;  Nova  Scotia,  etc. ;  at  Bergen  Hill,  New  Jersey ;  on  north  shore  of  Lake  Superior; 
at  Jones's  l^'alls,  near  Baltimore  (Levy's  benumontUey 

For  the  relation  of  the  synonymes  see  stilbit,  above. 

Brewsteritb. — Q.  ratio  same  as  for  heulandite,  but  R  is  here  Ba  or  Sr  (Oa).  Formula 
requires  SiOj  53*5,  AlOt  15*8,  BaO  7*6,  SrO  10*2,  H.O  18*4=100.  Monoolinio.  Strontiaa  ia 
Atgyleshire,  etc. 
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B18ILICATE8. 

The  Margarophyllites  are  often  foliated  like  the  micas,  and  the  name 
alludea  to  the  pearly  folia.  Massive  varieties  are,  however,  the  most  com- 
mon with  a  large  part  of  tlie  species,  and  they  often  have  the  compactness 
of  clay  or  wax.  Talc,  pyrophyllite,  serpentine,  aro  examples  of  species  pre- 
senting both  extremes  of  structure ;  while  oinite  occurs,  as  thus  tar  known, 
only  in  the  compact  condition.  The  true  Margamphyllites  are  below  5  in 
hardness ;  greasy  to  the  feel,  at  least  when  finely  powaered. 

TALO. 

Orthorhombic.    /A  7=  120°.    Occui-s  rarely  in  hexagonal  prisms  and 

f nates.     Cleavage:  basal,  eminent.     Foliated  massive,  sometimes  in  globu- 
ar  and  stellated  groups;  also  granular  massive,  coai*se  or  fine ;  also  com- 
pact or  cryptocrystalline. 

H.=l-1*5.  G.=2'565-2-8.  Lustre  pearly.  Color  apple-green  to  white, 
or  silvery-white ;  also  greenish-gray  and  dark  green  ;  sometimes  bright 
green  pei'pendicular  to  cleavage  surface,  and  brown  and  less  translucent  at 
right  angles  to  this  direction ;  bi-ownish  to  blackish-green  and  reddish  when 
impure.  Streak  usually  white ;  of  dark  green  varieties,  lighter  than  the 
color.  Subtransparent — subtranslucent.  oectile.  Thin  laminse  flexible, 
but  not  elastic.  Feel  greasy.  Optic-axial  plane  i-i ;  bisectrix  negative,  nor- 
mal to  the  base ;  DesCl. 

Var« — FoUated^  Talc  Oonaifits  of  folia,  vunially  eaidly  separated,  haviiig  a  gxea^  feel,  and 
presenting  ordinarily  light  green,  greenish- white,  and  white  colors.  G.=2'55-2'78.  (a) 
Afasrive^  Steatite  or  SoapsUme  (Specl^tein,  Germ. ).  Coarse  granular,  gray,  grayish-green,  and 
brownish-gray  in  colors.  H. = 1-2  ft.  {b)  Fine  granular  or  cryptociystalline.  and  soft  enough 
to  be  nsed  as  chalk,  as  the  Fh'encfi  chaik  (Crate  de  Brian^i)^  which  is  milk-white,  with  a 
pearly  lustre. 

Comp. — Q.  ratio  for  Mg  :  Si=2  :  5,  or  3  :  4,  with  a  varying  amount  of  water  in  both  talc  and 
steatite,  from  a  fraction  of  a  per  cent,  to  7  p.  c.  If  the  water  is  basic,  the  ratio  becomes  for 
B  :  Si=l  :  2,  (B=Mg(Fe)and  HO,  and  the  formula  is  HaMgiSi40ia  (Bamm.)= Silica  68*49, 
magnesia  81*75,  water  4'76=100 ;  the  analyses  show  generally  1  or  2  p.  c.  of  FeO. 

Pyr.,  «tc. — In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water.  In 
the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a  white 
enamel  Moistened  with  cobalt  solution,  assumes  on  ig^tion  a  pale  red  color.  Not  deoom- 
posed  by  adds. 

Diff. — Beoognised  by  its  extreme  softness,  unctuous  feel,  and  usually  foliated  structure. 
Inelastic  though  flexible.    Yields  water  only  on  intense  ignition. 

Obs. — Talc  or  steatite  is  a  very  common  mineral,  and  in  the  latter  form  constitutes  exten« 
live  beds  in  some  regions.  It  is  often  associated  with  serpentine  and  dolomite,  and  frequently 
contains  ciystala  of  dolomite,  breunerite,  asbestus,  actinolite,  tourmaline,  magnetite.  Steatite 
is  the  material  of  many  pseudomorphs,  among  which  the  most  common  are  those  after  pyroxene, 
hornblende,  mica,  scapolite,  and  spinel.  The  magnesian  minerals  are  those  which  commonly 
afPord  steatite  by  alteration ;  while  those,  like  scapolite  and  nepbelite,  which  contain  soda  and 
no  magnesia,  most  frequently  change  to  pinite-like  pseudomorphs.  Henwflaente  and 
p^  ^dlii4Ue  are  pseudomorphous  varieties. 

Apple-green  talc  occurs  near  Salzburg ;  in  the  Valais ;  also  in  Cornwall,  near  Lizard  Point, 
with  serpentine ;  in  Scotland,  with  serpentine,  at  Portsoy  and  elsewhere ;  etc.  In  N. 
America,  some  localities  are:  Vermont,  at  Bridge  water;  Grafton,  etc  In  New  Hampshire^ 
at  Pelham,  etc.  In  IL  Ifdand^  at  Smithfield.  In  JV.  Ym'k^  near  Amity.  In  Peniu^  at  Texasi 
at  Chestnut  Hill,  on  the  SchuylkilL    In  MaryUind^  at  Cooptowa. 
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PYROPHYLZiTTB.    AgalmatoHte  or  Pagodite  pt. 

Orthorhombic.  Not  observed  in  distinct  crystals.  Cleavage:  basal 
eminent.  Foliated,  radiated  lamellar ;  also  granular,  to  compact  or  crypto- 
crystalline ;  the  latter  sometimes  slaty. 

H.=:l-2.  G.=2-75-2-92.  Lustre'of  folia  pearly,  like  that  of  talc;  of 
massive  kinds  dull  or  glistening.  Color  white,  apple-green,  grayish  and 
bmwnish-green,  yellowisli  to  ochre-yellow,  grayish- white.  Subtransparent 
to  opaque.  Laminse  flexible,  not  elastic,  leel  greasy.  Optic-axial  angle 
large  (about  108°) ;  bisectrix  negative,  normal  to  the  cleavage-plane. 

Var.^1)  Foliated,  and  often  radiated,  closelj  resembling  talc  in  color,  feel,  lustre,  and 
Btrootore.  (2)  Compact,  massive,  white,  grayish,  and  greenish,  somewhat  resembling  com- 
pact steatite,  or  French  chalk.  This  compact  variety,  as  Brash  has  shown,  inolndes  part  oi 
what  has  gone  under  the  name  of  agalmatolite,  from  China ;  it  is  used  for  slate-pencila,  and 
is  sometimes  called  pencU-Hone. 

Comp. — Q.  ratio  for  ^1 :  Si=l  :  3,  also  in  other  cases  8  :  8,  Formula  for  the  first  case= 
MSi«0),-l-aq  (Bamm.).  Analysis,  Chesterfield,  S.  C,  by  Genth,  SiOj  (54*82,  MOt  2848,  FeOi 
0-96,  MgO  0 33,  CaO  055,  H,0  5-25=100'39, 

Pyr.,  etc. — ^Yields  water.  B.B.  whitens,  and  fuses  with  difficulty  on  the  edges.  The 
radiated  varieties  exfoliate  in  fan-like  forms,  swelling  up  to  many  times  the  original  volume 
of  the  assay.  Heated  with  cobalt  solution  gives  a  deep  blue  color  (alumina ).  PartiaUy  decom- 
posed by  sulphuric  acid,  and  completely  on  fusion  with  alkaline  carbonates. 

Obs. — Compact  pyrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foliated 
variety  is  often  the  g^ngue  of  cyanite.  Occurs  in  the  Urals ;  at  Westana.  Sweden ;  near  Ottrea 
in  Luxembourg ;  in  Chesterfield  Diet.,  S.  C. ;  in  Lincoln  Co.,  Ga. ;  in  Arkansas.  The  oompaot 
pyrophyllite  of  Deep  River,  N.  C. ,  is  extensively  used  for  making  slate  penoilB. 

PiHLiTB  {cynwuiUe)^  near  pyrophyllite. 


SBPIOIJTB.*  Meerschaum,  Oerm.    L'Ecume  de  Mer,  Fr. 

Compact,  with  a  smooth  feel,  and  fine  earthy  texture,  or  clay-like, 
£[.=2-2*5.    Impressible  by  the  nail.     In  diT  masses  floats  on  water. 

Color  grayish-white,  white,  or  with  a  faint  yellowish  or  reddish  tinge. 

Opaque. 

Comp. — ^Q.  ratio  for  B  :  Si  :  H=l  :  3  : 1,  corresponding  to  HgaSitOs+Saq ;  or,  if  half  the 
water  is  basic,  1:2:  i=Halfg,SitOB  +aq= Silica  60*8,  magnesia  271,  water  12*1=100.  The 
amount  of  water  present  is  somewhat  uncertain. 

Pyr.,  etc.— In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher  temperature 
gives  much  water  and  a  burnt  smell.  B.  B.  some  yarieties  blacken,  then  burn  white,  and  fuse 
with  difficulty  on  the  thin  edges.  With  cobalt  solution  a  pink  color  on  ignition.  Decomposed 
by  hydrochloric  acid  with  gelatinization. 

Obs. — Occurs  in  Asia  Minor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the  plains 
of  Eskihi-sher ;  aiso  found  in  Greece ;  at  Hrubschitz  in  Moravia ;  in  Morocco ;  at  Yallecas  in 
Spain,  in  extensive  beds. 

The  word  meerschaum  is  Qerman  for  sect-frothy  and  alludes  to  its  lightness  and  color.  Bepio- 
Ute,  Glocker,  is  from  ai^ia,  etUUe-ftsh,  the  bone  of  which  is  light  and  porous,  and  also  a  pro- 
d  action  of  the  sea. 

Aphroditb. — 4MgSiOi+8aq.    Besembles  sepiolite.     Longban,  Sweden. 

Smectitk. — Fuller's  earth  pt.     A  greenish  clay  from  Styzia. 

MoNTMORiLLONiTE. — A  rose-red  cUy  containing  more  alumina  than  smectite,  from  Mont* 
moriUon,  France. 

Celadon  ITE. — A  variety  of  *' green  earth  *'  from  Mt.  Baldo,  near  Verona. 

Glauoomitb. — Green  earth  pt.  A  hydrous  silicate  of  iron  and  potassium,  but  always 
Impure.    Constitutes  the  green  sand  of  the  chalk  and  other  formations  {e.g.^  in  New  Jersey). 

Stilpxomblahk. — ^In  foliated  plates,  or  as  a  velvety  coating.     Essentially  a  hydrous  iron 


d50  DESCRIPTIVE  MINERALOGY. 

(Fe)  fllioate.  Color  black  to  yellowiah-bronse.  Silesia;  Weilbutg;  Nusau;  Sierliug  iron 
mine  ^  Antwerp,  N.  Y.  {ehcUoodite), 

CfIiORopal. — Compact,  earthy.  Color  greenish-yellow.  A  hydrated  iron  silicate.  Formula 
FeSitO»+6aq.    Andreasberg;  Steinberg  near  Gottingen ;  Nontron  {n<mPromU\  Fianoe,  eto. 

Abrikitb. — Perhaps  related  to  chloropal  {Lasaulx),    Color  blue.     Spain. 


Unisilicates. 
Serpentine  Orov/p. 

SBRPENTINS.* 


Oilhorhombic  (?).  In  distinct  crjBtals,  but  only  as  pseudomorphs.  Some- 
times foliated,  folia  rarely  separable ;  also  delicately  fibrous,  the  fil)re8  often 
easily  separable,  and  either  flexible  or  brittle.  Usually  massive,  fine  gi'anu- 
lar  to  impalpable  or  cryptocrystalline ;  also  slaty. 

H.=:2*5-4,  rarely  5-5.  G.=2*5-2-65;  some  fibrous  varieties  2-2-2'3  ; 
retinalite,  2'36-2*55.  Lustre  subresinous  to  greasy,  pearly,  earthy ;  resin- 
like, or  wax-like ;  usually  feeble.  Color  leek-green,  blackish-green,  oil 
and  siskin-green,  brownish-red,  brownish-yellow ;  none  bright ;  sometimes 
nearly  white.  On  exposure,  often  becoming  yellowish-gray.  Streak  white, 
slightly  shining.  Translucent — opaque.  Feel  smooth,  sometimes  greasy* 
Fracture  concshoidal  or  splintery. 

Var. — ^Many  unKOBtained  species  have  been  made  out  of  serpentine,  differing  in  stmctore 
(masflive,  alaty,  foliated,  fibrous),  or,  as  supposed,  in  chemical  composition. 

Massivb.  (1)  Ordinary  mamve,  {a)  Precious  ox  Noble  /Serpentine  (Edler  Serpentin,  Oerm,^ 
is  of  a  rich  oil-green  color,  of  pale  or  dark  shades,  and  translucent  even  when  in  thick  pieces ; 
and  (b)  Common  Serpentine^  when  of  dark  shades  of  color,  and  subtranslucent.  The  former 
has  a  hardness  of  2 '6-3;  the  latter  of  ten  of  4  or  beyonid,  owing  to  impurities.  BowenitA 
(Smithfield,  B.  IX  is  a  jade -like  variety  with  the  hardness  5*5. 

Foliated.  Ma/rmdUte  is  thin  foliated ;  the  laminie  brittle  but  easily  separable,  yet  gradu- 
ating into  a  variety  in  which  they  are  not  separable.  G.=2'41 ;  lustre  pearly ;  colors  green- 
ish white,  bluish- white,  or  pale  asparagus-green.     From  Hobokeu,  N.  J. 

Fibrous.  OhryeotHe  is  delicately  fibrous,  the  fibres  usually  flexible  and  easily  separating ; 
lustre  silky,  or  sil^  metallic ;  color  greenish- white,  green,  olive-green,  yellow,  and  brownish ; 
Q-.  =2 '2 19.  Often  constitutes  seams  in  serpentine.  It  includes  most  of  the  silky  amianihvM 
of  serpentine  rocks.     The  original  chrysotile  was  from  Eeichenstein. 

Any  serpentine  rock  out  into  slabs  and  polished  is  called  serpentine  mcerUe, 

Comp.-— Q.  ratio  for  Mg  :  Si  :  H=d  :  4  :  2,  corresponding  to  MgiSiaOi+2aq=Silica  43*48, 
magnesia  4*3*48.  water  13 '04.  But  as  chiysolite  is  especially  liable  to  the  change  to  serpen- 
tine, and  chrysolite  is  a  unisiUcate^  and  the  change  consists  in  a  loss  of  some  Mg.  and  the 
addition  of  water,  it  is  probable  that  iiart  of  the  water  takes  the  place  of  the  lost  Mg,  so  that 
the  mineral  is  essentially  a  hydrated  chrysolite  of  the  formula  HjMgsSiaOp+aq.  The  rela- 
tion in  ratio  to  kaolinite  and  pinite  corresponds  with  this  view  of  the  formula. 

Pyr.j  ets. — In  the  closed  tube  yields  water.  B  B  fuses  ou  the  edges  with  difficulty.  F.  = 
6.  Gives  usually  an  iron  reaction.  Decomposed  by  hydrochloric  and  sulphuric  acids.  Ohiy- 
Botilo  leaves  the  silica  in  fine  fibres. 

Diff. — ^Distinguishing  characters :  compact  structure ;  softneas,  being  easily  cut  with  a 
knife ;  low  specific  gravity  ;  and  resinous  lustre. 

Obs. — Serpentine  often  constitutes  mountain  masses.  It  frequently  occurs  mixed  with 
more  or  less  of  dolomite,  magneslte,  or  calcite,  making  a  rock  of  clouded  green,  sometimes 
veined  with  white  or  pale  green,  called  verd  antique^  or  op/UoUte.  It  results  from  the  altera- 
tion of  other  rocks,  ^equently  chiysolite  rooks.  Gxystals  of  serpentine  (psendomorphous) 
oooor  ill  the  Fassa  valley,  Tyrol ;  near  Miask ;  Katharinenberg,  and  elseiN'here ;  in  Norway, 


OXTGIEN  COMPOUNDS — HTDE0U8   SIUOAl'EB.  351 

At  bnamm,  etc.  Preoioiis  aeipentines  oome  from  Sweden;  the  Isle  of  Man;  Gozsica; 
Siberia ;  Saxony,  eta  In  N.  Amerioa,  in  Vermont^  at  New  Fane ;  Eoxboiy,  etc.  In  Mcus,^ 
at  Newburyport  and  elsewhere.  In  Gonn.y  near  New  Haven  and  Milford,  at  the  yerd-antiqae 
quarries.  In  N,  Tork^  at  Brewster,  Putnam  Co. ;  at  Antwerp,  Jefferson  Co.  ;  in  Gonyer- 
near,  St.  Lawrence  Co. ;  in  Orange  Co. ;  Richmond  Co.  In  iV*.  Jersey,  at  Hoboken.  In 
Pean..  at  Texas,  Lancaster  Co. ;  also  in  Chester  Co. ;  in  Delaware  Co.  In  Maryland^  at 
Bare  Hills ;  at  Cooptown,  Harford  Co. 

The  following  are  varieties  of  serpentine  :  retinaUte,  Grenville,  C.  W. ;  wrJiauseriU,  TjtoL  ; 
poroeUap/iUe ;  Sowenite^  Smithfield,  R.  L  ;  antigorite.  Piedmont ;  wiikanmte^  Texas,  Pa. ; 
marmollte,  Hoboken;  pioviUe;  metaxite;  refdrnmhiU  (containing  Ni) ;  aquaereptite. 

Bastitb  or  ScHn«LEii  Sfab. — An  impure  serpentine,  a  result  of  the  alteration  of  a  foliated 
pyroxene.     Baste ;  Todtmoos  in  the  SchwarzwiUd.     Antillits  is  similar. 

Drwetlitb  {Gymnite). — H«Mg4SitOis  +  4aq.  Occurs  with  serpentine  at  Middlefield  and 
Texas,  Penn.     Htdrophitb  {Jenkinaite)^  near  deweylite,  but  Mg  replaced  in  part  by  Fe. 

Cerolitb. — HsMgaSiaOi+aq.  Silesia.  Limbachitb  from  Limbach,  and  Zoblitziti 
fizom  Zoblits,  are  varieties  of  oerolite. 

QENTHITB.    Nickel-Gymnite. 

Amorphous,  with  a  delicately  hemispherical  or  stalactitic  surface,  in 
ernstiiig. 

H.=3-4;  Bometimes  (as  at  Michipicoten)  so  soft  as  to  be  polished 
under  the  nail,  and  fall  to  pieces  in  water.  G.= 2*409.  Lustre  resinous. 
Color  pale  apple-green,  or  yellowish.  Streak  greenish- white.  Opaque  to 
translucent 

Oomp. — Q.  ratio  for  B  :  Si :  H=2  :  8  :  8,  or  the  same  as  for  deweylite :  formula  H4(N], 
Mg)4SitOi9,  being  a  nickel-gynmlte.  Analysis:  Genth,  Texas,  Pa.,  SiOa  85-80,  NiO  80*04, 
FeO  0-24,  MgO  14-60,  CaO  0  36,  H,0  19-09=100-19. 

Pyr.,  etc. — ^Li  the  closed  tube  blackens  and  g^ves  off  water.  B.B.  infusible.  With  borax 
in  O.F.  gives  a  yiolet  bead,  becoming  gray  in  R.F.  (Nickel).  Decomposed  by  hydrochlorio 
acid  without  gelatinizing. 

Oba. — From  Texas,  Lancaster  Co. ,  Pa. ,  in  thin  crusts  on  chromic  iron  ;  from  Webster, 
Jackson  Co.,  N.  C;  on  Michipicoten  Id.,  Lake  Superior. 

Alipitb  and  PimblItk,  an  apple-green  siUcates  containing  some  nickel.  GAKNiBRrm 
and  NoUMBiTE,  from  New  Caledonia  are  similar,  aud  have  b^n  shown  by  Liversidge  to  be 
mixtures. 


Kaolinite  Chroup. 

SAOUNITXI. 


Orthorhombic.  /A  /=  120°.  In  rhombic,  rhomboidal,  or  hexagonal 
scales  or  plates  ;  sometimes  in  fan-shaped  aggregations  ;  nsuallv  constitut- 
ing a  clay-like  mass,  either  compact,  friable,  or  mealy ;  base  of  crj'stals 
lined,  arising  from  the  edges  of  superimposed  plates.  Cleavage :  basal, 
perfect.     Twins:  the  hexagonal  plates  made  up  of  six  sectoi-s. 

H.=l-2-5.  G.=2'4r-2-63.  Lustre  of  plates  pearly;  of  mass,  pearly  to 
dull  earthy.  Color  white,  grayish- white,  yellowish,  somen riico  bn)wni8h, 
bluish,  or  reddish.  Scales  transparent  to  translucent.  Scales  flexible^ 
inelastic ;  usually  unctuous  and  plastic 

Var. — 1.  ArgiUiform.    Soft,  day-like  ;  ordmaiy  kaolinite  ;  under  the  microscope,  if  not 
without,  showing  that  it  is  made  up  largely  of  pearly  soales.     The  constituent  of  most,  il  nol 
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all,  pure  kaolin.    2.  Fariniform.    Mealy,  bardly  ooherent,  oonsirtiiLg  of  pearly  aimfilM 
Boales.    3.  IndurnUd;  LUfiomarge  {Stemmark^  Germ.).    Firm  and  oompaot;  H.=£d*5 
When  pnlverized,  often  shows  a  soaly  texture. 

Comp. — Q.  ratio  for  fi  :  Si  :  H=8  :  4  :  2 ;  formula  A:lSi907+2aqf  or  making  part  of  the 
water  basio,  H9AlSi,0B+aq=SUica  4(5*4,  alumina  89-7,  water  18-9=100. 

P3nr<,  etc. — ^Yields  water.  B.B.  infusible.  Gives  a  blue  color  with  cobalt  solution.  Inaol- 
t  ble  in  acids. 

Di£EL — Characterized  by  its  unctuous,  soapy  feel ;  alumina  reaction  B.B. 

Obs. — Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especially 
t  \\Q  feldspars  of  granitic  and  gneissoid  rocks  and  porphyries.  In  some  regions  where  these 
locks  have  deoomposed  on  a  large  scale,  the  resulting  clay  remains  in  vast  beds  of  kaolin^ 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some  of 
the  o^er  minerals  present. 

Occurs  at  Cache- Apr6s  in  Belgium ;  also  in  Bohemia ;  in  Saxony.  At  Yrieix,  near  Limogea, 
is  the  best  locality  of  kaolin  in  Europe,  it  affords  material  for  the  famous  Sevres  poroekun 
manufactory. 

In  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wilmington,  Del ;  at  various  localities  in 
the  llmonite  region  of  Vermont  (at  Branford,  etc.) ;  Massachusetts ;  Pennsylvania;  JadoKm- 
ville,  Ala.;  Edgefield,  S.  C;  near  Augusta,  Ga. 

PHOLEiiiTE,  Halloysite,  days  allied  to  kaolinite. 

Baponitb.— A  soft  magnesian  silicate ;  occurs  in  cavities  in  trap. 


Pinite  Chroup. 

piNira. 

Amorphous ;  granular  to  cryptocrystalline ;  usually  the  latter.  Also  in 
crystals,  and  soiuetimes  with  cleavage,  but  only  because  pseudomorphs,  the 
fonn  and  cleavage  being  those  of  the  minerals  from  which  derived.  Rarely 
a  submicaceous  cleavage,  which  may  belong  to  the  species. 

H.=2'5-3'5.  G.=2*6-2'85.  Lustre  feeble,  waxy.  Color  grayish-white, 
grayish-green,  pea-green,  dull  green,  brownish,  reddish.  Ti-anslucent — 
opaque.     Acts  like  a  gum  ou  polai'ized  light ;  DesCl. 

Oomp.,  Var. — ^Finite  is  essentiaUy  a  hydrous  alkaline  silicate.  Being  a  result  of  alteration, 
and  amorphous,  the  mineral  varies  much  in  composition,  and  numerous  species  have  been 
made  of  the  mineral  in  its  various  conditions.  The  varieties  of  pinite  here  admitted  agree 
olosely  in  physical  characters,  and  in  the  amount  of  potash  and  water  present.  Average  com- 
position :  Silica  46,  alumina  80,  pota^  10,  water  6  ;  formula  (Ramm.)  HsKs^liSisOao.  The 
mineral  is  related  chemically,  as  it  is  also  physicaUy,  to  serpentina ;  and  it  is  an  alkali-alumina 
serpentine,  as  pyrophyllite  is  an  alumina  talc. 

The  different  kinds  are  either  pseudomorphous  crystals  after  (1)  iolite ;  (2)  nephelite ;  (3) 
Bcapolite;  (4)  some  kind  of  feldspar ;  (5)  spodumene;  or  (6)  other  aluminous  mineral;  or  (7) 
disseminated  masses  resembling  indurated  talc,  steatite,  lithomaige,  or  kaolinite,  also  a  result 
of  alteration  ;  or  (8)  the  prominent  or  sole  constituent  of  a  metamorphio  rock,  which  is  some- 
times a  pinite  Bo/iiet  (analogous  to,  and  often  much  resembling,  tahase  eehiet,  and  stiU  more 
closely  related  to  pyropfiyUite  sdiist).     Some  prominent  varieties  are : 

Finite.  Specksteiu  [fr.  the  Pini  mine  at  Aue,  near  Schneeberg].  Occurs  in  granite,  and 
Is  supposed  to  be  pseudomorphous  after  iolite. 

GiESBCKiTfi.  In  6-sided  prisms,  probably  pseudomorphous  after  nephelite.  11=3  9. 
0.=2'78-2*85.  Color  grayish-green,  olive -green,  to  brownish.  Brought  by  Uieseck^  from 
Greenland.     Also  of  similar  characters  from  Diana,  N.  Y. 

Agalmatolite.  Like  ordinary  massive  pinite  in  its  amorphous  compact  texture,  lustre, 
and  other  physical  characters,  but  contains  more  silica,  so  as  to  afford  the  formula  of  a  bisili* 
oate,  or  nearly,  and  it  may  be  a  distinct  species.  Agalmato'Ue  was  named  from  ayoAfta,  an 
image^  and  payodiU  from  pagoda^  the  Chinese  carving  the  soft  atone  into  miniature  pagodw 
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liikagefl,  etc.    Part  of  tbe  no-called  a^matolite  of  China  is  trae  pinite  in  oompOKiidon,  auothei 
part  ia  compact  pjrophyllite  (p.  840),  and  still  another  steatite  (p.  848). 

Other  minerals  belonginjif  in  or  near  the  pinite  gronp  are :  dysgyntribite  (=|^e8eckite) ; 
paropMte;  tnlsonits;  polyargite ;  rosite;  kHUnite;  gigarUo'tU ;  kygrajphiHU ;  giimbeUU  * 
reatotrndiU.    Also  cataaipitiU  ;  Inhaiite  ;  pnlagonite. 


Hydro-mica  Oroup. 

FAHLUNITU. 

In  six-  or  twelve-sided  prisms,  but  derived  from  pseiidoraorphism  attor 
iolite.     Cleavage :  basal  soinetimes  perfect. 

H.=3'5-5.  G.=2'6-2*8.  Lustre  of  surface  of  basal  cleavage  pearly  to 
waxy,  glimmering.  Color  grayish-green,  to  greenish-brown,  olive-  or  oil- 
green  ;  sometimes  blackish-green  to  black  ;  streak  colorless. 

Var. — This  species  is  a  resalt  of  alteration,  and  considerable  variation  in  the  resnlts  of 
analyses  should  be  expected.  The  crvstalline  form  is  that  of  the  original  iolite,  while  tho 
basal  cleavage  when  distinct  is  that  of  the  new  species  fahlunite. 

Oomp. — Q.  ratio  f or  B  :  B  :  Si  :  H=l  :  3  :  5  :  1 ;  whence  the  formula  H4RaftsSiftOso,  the 
water  being  considered  as  basic,  and  as  entering  to  make  up  the  deficiency  of  bases  in  the 
unisUicate.  In  some  kinds,  the  same  with  the  addition  of  HaO.  "The  Q.  ratio  of  iolite,  the 
original  of  the  species,  is  1:8:5.  Analysis  by  Wachtmeister,  from  Fahlun,  SiOa  44*60, 
AID,  8010,  FeO  3-86,  MnO  2  24,  MgO  6  76,  CaO  1-^5,  K,0  1-98,  HaO  9  35,  F  tr=100-23. 

Pjrr.,  etc. — Yields  water.  B.B.  fuses  to  a  white  blebby  glass.  Not  acted  upon  by  acids. 
Pyxugillite  is  difficultly  fusible,  but  is  completely  decomposed  by  hydrochloric  acid. 

Obs. — Fahlunite  (and  trtoUuiiU)  from  Fahlun,  Sweden.  The  following  are  identical,  or 
nearly  so  :  Eemarhite  and  praseoUUt  Brevig ;  raumite,  Baumo,  Finland ;  eJdoivpJiylUU^  Unii^, 
Me. ;  pyrargUHte^  Helsingf  ors ;  jx^chroUite,  Erageroe,  and  aspasioUte^  Norway ;  hunmiie^ 
Lako  Huron  ( WeimUy  FiUilon). 


MARQARODITB. 

Like  muscovite  or  common  mica  in  crystallization,  and  in  optical  and 
other  physical  characters,  except  usually  a  more  pearly  lustre,  and  the  colov 
more  commonly  whitish  or  silvery. 

Oomp. — Q.  ratio  for  B  :  B  :  Si :  H  mostly  1:6:9:2;  whence  the  formula  HeBa^iSivOat, 
the  water  being  baaia  Sometimes  Q.  ratio  1  :  9  :  12  :  2 ;  but  this  division  belongs  with 
damourite,  if  the  two  are  distiDgoishable.  This  species  appears  to  be  often,  if  not  always,  a 
result  of  the  hydration  of  musoovite,  there  being  all  shades  of  gradation  between  it  and  that 
%pecies.  Muscovite  has  the  Q.  ratio  for  bases  and  silicon  of  4  :  6,  or  nearly.  Analysis,  Smith 
and  Brush.  Litchfield,  Ct.,  SiO,  44G0,  AUO,  86'23,Fe,0,l-34,MgO  0-37,  CaO  0-50,  NaaO4*l0, 
K,0  6  20,  H,0  6'26,  F  tr.=.100"60. 

For  pyrognoBtios  and  looalities,  see  musoovite,  p.  818. 

GiLBKBTiTJS. — Essentially  identical  with  maxgarodite ;  tin  mines,  Saxony. 


DAMOURTTfi. 

An  aggi*egate  of  fine  scales,  mica^like  in  structure. 
H.=2-8.     G.= 2*792.    Lustre  pearly.     Color  yellow  or  yellowish-whita 
Optic-axial  divergence  10  to  12  degrees  ;  for  sterlingite  70°. 

Oomp«— A  hydrons  potash-mioa,  like  margoiodite,  to  wbiob  it  is  closely  related.    Q.  ratiO' 

2S 
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for  R  :  U  :  Si :  H=l  :  9  :  12  :  2,  or  1  : 1  for  baaeB  to  siliooii,  if  the  water  ia  banc.  Formula 
H4KaiVltSifl094.  Analysis,  Monroe,  from  Sterling,  Mass,  {sterlingite),  SiO^  48-87,  MO9  86-45. 
FeO,  3-86,  K,0  10  86,  H,0  519=99'73. 

It  is  the  gangne  of  cyanite  at  Pontivy  in  Brittany;  and  che  same  at  Homsjobeig,  Wenii* 
land.    ABSOciatod  with  corondam  in  North  Carolina;'  with  spodnmene,  at  Sterling,  MasSi 


PARAOONITB.    Pregrattite.    Goasaite. 

Massive,  Bometimes  consisting  distinctly  of  fine  scales ;  the  rock  slaty  01 
schistose.     Cleavage  of  scales  in  one  direction  eminent,  mica-like. 

H. = 2*5-3.  G. = 2-779,  paragonite ;  2  S95,  pregrattite,  Oilllacher.  Lustre 
strong  pearly.  Color  yellowish,  grayish,  grayish-wnite,  greenish,  light  apple- 
gi'een.    Translucent ;  single  scales  transparent 

f 

Oomp. — A  hydroQB  sodium  mioa.  Q.  ratio  for  B  :  B  :  Si :  H=il  :  9  :  12  :  2,  or  1  : 1  for 
bases  and  silioon,  if  the  water  be  made  basic.  Formula  H4NasAl|SiaOs4(K  :  Na=l  :  6)= 
SiHoa  46-60,  alumina  39*96,  soda  690,  potash  1  -74,  water  480=100. 

Pyr. — B.B.  the  paragonite  is  stated  to  be  infusible.  The  pregrattite  exfoliates  somewhat 
like  vermicolite  (a  property  of  some  clinochlore  and  other  species),  and  becomes  milk-white 
on  the  edges. 

Obs. — Paragonite  constitutes  the  mass  of  the  rock  at  Monte  Campione,  in  the  region  of 
St.  Gothard,  containing  pyanite  and  staurolite,  called  paragonitic  or  talcose  schist.  The 
pregrattite  is  from  Pregratten  in  the  Pusterthal,  Tyrol ;  coasaite,  from  mines  of  Boigofranco, 
near  Ivrea. 

IviOTiTB. — Occurs  in  yellow  scales,  also  granular,  with  cryolite  from  Greenland. 

EUFHYLLrrE. — Associated  with  tourmaJine  and  corundum  at  Unionville,  Penn.  Q.  ratio 
for  B  :  il :  Si :  H=l  :  8  :  9  :  2.  Average  composition,  Silica  41*6,  alumina  42-3,  lime  1*5, 
potash  3*2,  soda  5*9,  water  5*0 =100. 

Ephesite,  Lesletite. — Hydro- micas,  perhaps  identical  with  damourite.  Occur  with 
corundum,  and  impure  from  admixture  with  it. 

CEllacherite. — A  hydro-mica,  containing  5  p.  c.  baryta.     Pfitschthal,  TyroL 

GooKEiTB. — ^A  hydrous  lithium  mica.  From  Hebron  and  Paris,  Me.,  apparently  a  pro- 
duct of  the  alteration  of  rubeliite. 


fiXSINQERmS. 


Amorphous,  compact,  without  cleavage. 

H.=3.  G.=3045.  Lustre  greasy,  inclining  to  vitreous.  Color  black 
to  brownish-black.     Streak  yellowish-brown.     Fracture  conchoidal. 

Oomp — Q.  ratio  for  B+B  :  Si :  H=2  :  3  :  3  ;  formula  Be{^«SitOie+4aq  (with  one-third 
of  the  water  basic).  B=Fe,Hj ;  i^=Fe.  Analysis,  Cleye,  from  Solbeig,  Norway,  SiOs  35*88, 
FeO.  32-14,  FeO  7-08,  MgO  3-60,  HaO  2204=100-19. 

P3nr«,  etc. — Yields  much  water.  B.B.  fuses  with  difficulty  to  a  black  magnetic  slag.  With 
the  fluxes  gives  reactions  for  iron.  In  hydrochloric  acid  easily  decomposed  without  gelatin- 
izing. 

Obs.— Found  at  Longban,  Tunaberg,  Sweden ;  Biddarhyttan ;  at  DegerO  {degcroite)^  neai 
Helsingfors,  Finland. 

Ekmannitb. — Fob'ated,  also  radiated.  Color  green,  resembles  chlorite.  AnalysiB,  Igel> 
■l!xdm,  SiO,  34-30,  FeOt  4*97,  FeO  3578,  MuO  11*45,  MgO  2*99,  H,0  10-51=100.  With 
magnetite  at  Grythyttan,  Sweden. 

NEOTOCrTE. — Uncertain  alteration-products  of  rhodonite;  amorphous,  tjontaina  20-90 
p.  c.  MnO.     Paisbcrg,  near  Filipstadt,  Sweden ;  Finland,  etc. 

GiLLiNGiTS  ;  Sweden.     Jollyte  ;  Bodenmais,  Bavaria. 
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Vermiculite  Group,* 

The  vEEMiouLTncs  have  a  raicaceons  structnre.  They  are  all  nnisilicatee, 
having  the  general  quantivalent  ratio  H+ft :  Si  :  H=2  :  2  :  1,  the  water 
being  solely  water  of  crystallization.  The  varieties  differ  in  the  ratio 
of  the  bases  present  in  the  protoxide  and  sesquioxide  Etates.* 


JEFFXIRISITB. 

Orthorhombic  (?).  In  broad  Crystals  or  crystalline  plates.  Cleavage :  basal 
eminent,  afford'iig  easily  very  thin  folia,  like  mica.  Surface  of  plates  often 
triangularly  marked,  by  the  crossing  of  lines  at  angles  of  60®  and  120°. 

H.=1'5.  G.=2'30.  Lustre  pearly  on  cleavage  surface.  Color  dark 
yellowish-brown  and  brownish-yellow;  light  yellow  by  transmitted  light. 
Transparent  only  in  very  thin  folia.  Flexible,  almost  brittle.  Optically 
biaxial ;  DesCl. 

Oomp.— Q.  tatio  f or  B  :  fi  :  Si :  H=2  :  8  :  5  :  2i,  and  B  4-B  :  Si  :  H=2  :  3  : 1 :  whenoe 
B4RsSift09o+5aq.  Analysis:  Brnsb,  Westcbester,  SiOa  8710,  -t^Ot  17*67,  FeOi  10*64,  FeO 
1-28,  MgO  19*65,  CaO  0-56,  Na,0  tr.,  K,0  0*43,  HaO  13-76=100  87. 

Pyr.,  etc.— When  heated  to  800**  G.  exfoliates  very  remarkablj  (like  vermiculite) ;  B.B.  in 
forceps  after  exfoliation  becomes  pearly-white  and  opaque,  and  ultimately  fuses  to  a  dar-c 
gray  mass.    With  the  fluxes  reactions  for  silica  and  iron.     Decomposed  by  hydrochloric  acid. 

Obs. — Occurs  in  veins  in  serpentine  at  Westchester,  Pa.     Plates  often  several  inches  across. 

Ptbosgleritb.  -Q.  ratio  for  R  :  ft  :  Si  :  H=4  :  2  :  6  :  3.  and  for  R+ft  :  Si  :  H=2  :  2  :  1. 
Silica  88-0,  alumina  14-8,  magnesia  346,  water  11-7=100.  Color  green.  Elba.  GaoNiCBiTS, 
also  Elba,  has  the  ratio  8:2:6:2. 

Vermioulite.— Q.  ratio  for  R  :  ft  :  Si :  H=4  :  2  :  6  :  8.  Milbuzy,  Mass.  GnLBAOBEiTB. 
Q.  ratio  R  :  ft  :  Si :  H=2  :  1  :  1  :  1.  Jenk's  mine.  N.  G.  Hallite,  same  ratio=2  :  1  :  8  :  2. 
East  Nottingham,  Chester  Co.,  Penn.  PELnAMiTR,  same  ratio=6  :  4  :  10  :  5.  Pelham, 
Mass.  Similar  mineral  from  Lenni,  Delaware  Co.,  Pa.,  above  ratio=6  :  4  :  10  :  5.  In  all  of 
the  above  R=Mg  mostly,  and  ft=M  and  ¥^. 

Kerbitb. — Q.  ratio=6  :  3  :  10  :  10 ;  and  M aconite,  Q.  ratio=8  :  6  :  8  :  5,  are  both  from 
Culsagee  mine,  Macon  Co.,  N.  C.     YAALtTB,  Q.  ratio=6  :  3  :  10  :  4.     South  Africa. 

DiABANTiTB,  Hawes  (diabantaobronoyn,  Liebe). — Fills  cavities  in  amygdaloidal  trap. 
Color  dark  green.  Q.  ratio  for  R  :  ft  :  Si :  H=4  :  2  :  6  :  8,  but  iron  a  more  prominent  ingre- 
dient than  in  pyrosolerite  (see  above).  Analysis  :  Hawes,  Farmington,  Ct.,  f  SiOa  88*68,  ^Ot 
10-84,  FeO.  2-86,  FeO  24-83,  MnO  0*88,  CaO  0*73,  MgO  16*62,  Ka,0  0-38,  H.O  1002=09-69. 


SUBSILICATBS. 

CfMorite  Orowp. 

PENMINXTB.    Kammererite. 

KhoTTibohedral.  /?  A  5  =  65°  36',  0  nR^  103°  55 ;  c  =  3-4951. 
Cleavage;  basal,  highlj  perfect.  Crystals  often  tabular,  and  in  crested 
groups.  Also  massive,  consisting  of  an  aggregation  of  scales ;  also  com- 
pact cryptocrystalline. 


*  These  relations  were  brought  out  by  Cooke.    Proo.  Amer.  Aoad.,  Boston,  187 i,  85; 
lbid.»  1876,  468. 


DBSOBUTIVK  HIHjnULOOT. 

■5 ;  3.  at  times,  on  edges.    G.=2-6-2-85.    Lnstre  of  cleavage 
Bnrface  pearly  ;  of  lateral  plates 
i  853  Titieons,  andaonietimeBbriliiaTit, 

Color  green,  apple-green,  graAB- 
green, gravish-gi-eeiijOl  i  ve-green ; 
also  I'eddish,  violet,  roee-red, 
pink,  gi-ayieli-i-ed;  occasionally 
yellowiah  and  silver- white;  violet 
crystals,  and  sometimes  the 
green,  hyacintli-ied  by  trane- 
mitted  li{;ht  along  tlio  vertical 
axis.  Transparent  tosnbtranslncent.  Laniinte  flexible,  not  elastic.  Double 
refraction  feeble;  axis  either  negative  or  positive,  and  sometimes  poeitiv« 
and  negative  in  different  laminse  of  the  same  plate  or  crystal, 

Comp. — Q.  ratio  for  bases  and  silicon  4  :  3,  but  varying  from  4  :  8  to  5  :  4.  Bxsot  dedao- 
tioBR  fi'OTD  the  aoalrsea  oannot  be  made  outil  tbe  state  of  oxidation  of  tbe  iron  in  all  oaaee  is 
ascertained,  Analjaii :  Schweizer,  from  Zennatt,  SiOi  S3'0T,  AlOi  9-09,  FeO  1136,1^ 
83-34,  H,0  12-58=89-08, 

Pyr.,  etc.— In  (he  cloBed  tube  fields  water.  B.B.  exfoliates  tomewhat  and  ii  difflcnltlj 
fnsible.  With  the  flnzeB  all  larietieB  give  reactions  for  iron,  and  many  varieties  react  for 
ohraminin.     Partially  decomposed  by  acids, 

Obs. — OccniH  with  serpentine  in  the  region  of  Zermntt,  Talais,  near  Mt.  Itoea ;  at  Ala, 
Piedmont;  at  Schwaizenstein  in  the  Tyrol;  at  Tabeis  in  Wertnland  ;  at  Snorum.  Kdrrt- 
nwrmf e  is  funnd  near  Miask  in  the  Urals;  at  Haroldswick  in  Tlnst,  Shetland  Isles.  Atnu- 
dant  at  Texas,  Lancaster  Co.,  Pa.,  along  with  olinochlore,  some  crystals  being  imbedded  in 
dinochlore,  or  the  revene. 

The  following  names  belong  here:  tabergiu ;  ptevdopliite,  compact,  massive  {aUophfft}- 
letfanite. 

DeUititt,  euraliU,  aphrotSderiU.,  eMorophaite  are  chloritio  minerals,  ooonrring  under  aini- 
lar  oonditions,  in  amygdaloid,  etc 


RIPIDOLITE.    Cliuochlois.     Elinochlor,  Oam. 

Monoclinic.     6' =62"  51'  =  ^Ai^,  /a  7  =125°  37',   (9A-i4  =  108" 
14' :    i  :  b  :  d  =  1-47756  : 
e-w  6B6  1-73196 :  1.      Cleavage :    0 

eminent;  cryBta's  often  tab- 
ular, also  obl<mg ;  f reqnent- 
ly  rhomhohedral  in  aspect, 
the  plane  angles  of  the 
base  being  00°  and  120°. 
Twins:  twinning- plane  *, 
making  stellate  gmnps,  as  in 
f.  656,  657,  very  common. 
Crystals  often  gi-onped  in 
rosettes.  Massive  coarse  scaly 
grannlar  to  fine  grannlar  and 
Achmatovsk.  Achmatovsk.  earthy. 

Il.  =  3-'2  5.  G.=2-65-2-78. 
XiHttre  of  cleavage-face  somewhat  pearly.  Color  deep  grass-green  to  olive- 
green;  also  rose-red.  Often  strongly  dichroic.  Sti-eak  greeuisii-white  to 
Quoo-'ored     Transparent  to  translucent.    Flexible  and  somewhat  elaatrlc 
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Oomp.— Q.  Tatio  for  B  :  H  :  Bi  :  H^6  :  8  :  6  ;  4 ;  ooiresixaidiiv  tio  >^iAlSi>0ii-(-4aq=< 
Bilica  82'.'i,   olumiiui  IS-Q,    magnesia  SS-O, 

irater  1S'9:^100.     SometimtBpartaf  thaMg  QgQ  q57 

la  replaced  b;  Fe. 

Pyr.,  etc.— Yields  water.  B.B.  in  the 
platimua  foccepa  wliil«Ds  aad  fuses  wiUi 
difficulty  ou  the  edges  to  a  grafish-black 
glaaa.  With  borax  a  clear  glass  colored  by 
iron,  and  aometimee  chrominni.  In  snl- 
pboiio  acid  wholly  deoompoaed.  The  vaiiety 
from  Willimactic.  Ct.,  exfoliates  in  worm- 
like  forma,  like  vennicnlite. 

Oba. — Occmn  in  connectdon  with  chlorilio 
and  talcoae  rooks  or  echist,  and  wrpentine.  Westoheater  Tbxul 

Foond   at    Aohmatovsk  ;    Schwarsensteiii  ;  weatoneawr.  lexaa. 

ZUlerthal,  eta  ;  red  {kottcAubeitt)  in  the  dis- 
trict of  Ufaleiak.  Sontbem  Urai;  at  Ala,  Piedmont;  at  Zeimatt ;  at  Harienberg.  Saxony. 
In  the  tr.  S. ,  at  WesDchester  and  naionTille,  and  Texas,  Pa.  ;  Brewitec,  If.  Y. 

Named  ripideiite  from  pi^'i,  a  fan,  in  allusion  to  a  common  mode  of  grouping  of  the  oiya- 


PROOHIORITB. 

Hexaeonal  (*).     Cleavage :  basal,  eminent.     Crystals  often  implanted  h^ 
their  6i<lefi,  and  in  divergent  gi'oups,  fan-shaped,  or 
epheroidal.     AIbo  in  large  folia.     Massive  gi-annlar.  8S8 

H.=l-2.  G.=Si-78-2-96.  Translucent  to  opaque ; 
tianspai-ent  only  in  very  thin  folia.  Lnstre  of 
cleavage  surface  feebly  pearly.  Color  gi-een, 
grass-green,  olive-green,  blackish-green ;  across  the 
axis  hy  transmitted  light  sometimes  red.  Sti'Oak 
unuulored  or  greenish.  Laminie  flexU>le,  not  clastic. 
Double  refraction  very  weak ;  one  c-ptical  negative 

axis   (Dauphiny);  or  two  very  slightly  diverging,  apparently   normal  to 
plane  of  cleavage, 

Comp^^.  ratio  for  R  :  ft  :  Si  :  H=:13  :  9  :  14  :  9) ;  for  bases  and  sitioon  X  ;  2.  Averaga 
Mmp08ltion= Silica  2S'8,  alnmina  197,  iron  protoxide  27'S,  magnesia  16 '8,  water  107=100. 

Pyr.,  eto.— Same  as  for  ripidolite. 

Oba. — Like  other  chlorites  in  mode  of  occnrrenoe.  Sometimes  in  implanted  cryBtalo,  as  at 
St.  Qothaid,  etc.  ;  in  tbe  Zillerthal,  Tjrol;  Traversella  in  Piedmont;  in  Styria,  Bohemia. 
Also  massive  in  Cornwall,  in  tin  Toins  (where  it  is  called  pencil) ;  at  Atendal  in  Norway. 

Crombtkdtitb.— Q.  ratio  B  :  H  :  Si  ;  H=3  :  3  :  4  :  8.     PnabTam;  Cornwall. 

STEiaOTiTa.— Q.  ratio=8  :  2  :  4  :  3.  In  granite  of  Btciegaa,  Silesia.  GROcaADiTB  t»3a» 
locality. 


MARaABITB.    PerlgUmmer,  Gem. 

Orthorhombic  (?) ;   hemihedral,  with  a  monoclinie  aspect.     /A  /=  119"- 
120°.  Lateral  planes  horizontally  striated.  Cleavage; 
basal,  eminent.     Twins:  t-ominoii,  composition-face  eG9 

r,  and  fonning,  by  the  crossing  of  3  crystals,  groups 
of  6  sectora.  Usually  in  intersecting  or  aggregated 
lamina; ;  sometimes  massive,  with  a  scaly  strnctnre, 

H.=3-5^-5.  G.=  2-99,  Hermann.  Lustre  of 
base  pearly,  laterally  vitreous.  Ciiiur  grayish,  red- 
diHli-white,  yellowish.    Translucent,  subtransUu-eut.    LamiDEe  rather  brittle. 
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Optic-axial  angle  very  obtuse ;  plane  of  axes  pai-allel  to  the  longer  diagonal ; 
dispersion  feeble. 

Comp.— Q.  ratio  for  R  :  B  :  Si :  H=l  :  6  :  4  :  1 ;  whence,  if  the  water  be  baaic,  for  baseai 
and  Bilicon=2  :  1,  formula  BfiSiO* ;  that  ia,  HaCaAUSisOii.  Analysis,  Smith,  Chester,  Mass. , 
SiO.  82-21,  AID,  48-87,  FeO,  2-50,  MgO  0-32,  CaO  1002,  Na,0(K,0)  101,  H.O  4-61,  Li.O 
0-82,  MnO  0-20=100-96. 

Pyr.,  etc.— Yields  water  in  the  closed  tube.    B.B.  whitens  and  fuses  on  the  edges. 

Obs.-— Margarite  occurs  in  chlorite  from  the  Greiner  Mts. ;  near  Sterzing  in  the  Tjrrol ;  at 
difFeient  localities  of  emery  in  Asia  Minor  and  the  Grecian  Archipelago ;  with  corundum  in 
Delaware  Co.,  Pa.;  at  UnionYille,  Chester  Co.,  Pa.  (eorundeUite) ;  in  Madison  Co.  {cUng- 
wumits)^  and  cJsewhere  in  North  Carolina ;  at  the  emery  mines  of  Chester,  Mass. 


OHIiORITOID. 

Monoclinic,  or  triclinic.  I A  I'  about  100*^ ;  O  (or  cleavage  surface)  on 
lateral  planes  93°-95°,  DesCl.  Cleavage :  basal  perfect ;  parallel  to  a 
lateral  plane  imperfect.  Usually  coarsely  foliated  massive ;  folia  oftet 
curved  or  bent,  and  brittle;  also  in  thin  scales  or  small  plates  disseminatec 
through  the  containing  rock. 

H.=5'5-6.  G.=3'5-3'6.  Color  dark  gray,  greenish-gray,  greenish- 
black,  grayish-black,  often  grass-green  in  very  thin  plates ;  strongly  dichroic. 
Sti*eak  un colored,  or  grayisli,  or  very  slightly  greenish.  Lustre  of  surface 
of  cleavage  somewhat  pearly.     Brittle. 

Var« — 1.  The  original  ehlaritoid  (or  chloritspath)  from  Kossoibrod,  near  Eatharinenbuig  io 
*he  Ural.  2.  The  JSum&ndine,  from  St.  Marcel.  8.  Masonite,  from  Natic,  R.  L,  in  very 
broad  plates  of  a  dark  grayish-green  color.  The  Canada  mineral  is  in  small  plates,  one-fourii 
in.  wide  and  half  this  thick,  disseminated  through  a  schist  (like  phyllite),  and  also  in  nodules 
of  radiated  structure,  half  an  inch  through.  That  of  Gumuch-Dngh  resembles  sismondine,  is 
dark  green  in  thick  folia  and  g^rass-green  in  very  thin. 

Oomp, — Q.  ratio  for  B  :  ft  :  Si :  H=l  :  8  :  2  :  1,  for  most  analyses.  Analysis  by  v.  Kobell, 
Bregratten,  SiO,  2619,  AID,  88*30,  FeO,  (J  00,  FeO  21  11,  MgO  880,  H,0  6  50=100  40. 

I^.,  etc  — In  a  matrass  yields  water.  B.B.  nearly  infusible ;  becomes  darker  and  magne- 
tic Completely  decomposed  by  sulphuric  acid.  The  masonite  fuses  with  difficulty  to  a  dark 
green  enamel. 

Obs« — The  Eossoibrod  chloritoid  is  associated  with  mica  and  ciyanite  ;  the  St.  Marcel  occurs 
in  a  dark  green  chlorite  schist,  with  garnets,  magnetite,  and  pyrite ;  the  Rhode  Island,  in  an 
argillaceous  schist ;  the  Chester,  Mass. ,  in  talcone  schist,  with  emery,  diaspore.  etc. 

PhyUite  (and  ottrelite)  closely  resembles  chloritoid,  though  the  analyses  hitherto  made  show 
a  wide  discrepancy,  perhaps  from  want  of  purity  in  the  material  analyzed.  Occurs  in  small* 
oblong,  shining  soales  or  plates,  in  argillaceous  schisU  Color  blacJdsh  gray,  greenish -gray, 
black.  Phyllite  occurs  in  the  schist  of  Sterling,  Gk)8hen,  Chesterfield,  Phiinfield,  etc.,  in 
Massachusetts,  and  Newport,  R.  L  {neioportite).     OttreliU  is  from  a  similar  rock  near  Ottres. 

Sbybektitb. — Orthorhombio.  7Ai=  120".  In  tabular  crystals,  sometimes  hexagonal; 
also  foliated  massive  ;  sometimes  lamellar  radiate.  Cleavage :  basal  perfectw  Structure  thin 
foliated,  or  micaceous  parallel  to  the  base.  H.  =4 -6.  (i.  =8-8*1.  Lustre  pearly  submetallic 
Color  reddish-brown,  yellowish,  copper-red.  Folia  brittle.  Analysis.  Brush,  Amity,  SiO^ 
80-24,  A10,3918,  FeO.  8-27,  MgO 2084,  CaO  18  69,  H,0  1-04.  Na,0,K.0j  1-48,  ZrO,0-';5= 
100*89.     Amity,  N.  Y.  (elintonite) ;  Fassathal  [brandigite]]  Slatoust  (xant/wphyUUe). 

CoRUNDOPiilLrrE. — ^A  chlorite  with  the  Q.  ratio=l  :  1  :  1  :  f .  Occurs  with  ccrundnm  at 
Asheville,  N.  C;  Chester,  Mass. 

Dttdletitb. — Alteration  product  of  margante.     Clay  Co.,  N.  C. ;  Dudleyville,  Ala. 

WiTiLCOXTTE. — Near  margarite.  Decomposition  product  of  corundum.  Q.  ratio  for  R  :  R  : 
Bi  :  H=8  :  6  :  6  :  1. 

Thuringite.-^.  ratio  2:8:8:2.  Contains  principally  iron  (Fe  and  Fe).  Hot  Spring!^ 
Arkansas;  Harper's  Ferzy  (owenits),    Pattertonite  from  Union ville.  Pa.,  near  thuringite. 
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8.  TANTALATES,  COLUMBATES. 


.OBB.* 


iBometric.  Commonly  in .  octahedrons.  Cleavage:  octaliedral,  BOii}e> 
times  distinct,  especially  in  the  smaller  crystals. 

H.=5-5'5.  G.=4'2-4-35.  Lustre  vitreous  or  resinous.  Color  brov/u, 
dark  reddish-  or  blackish-brown.  Streak  light  brown,  yellowish-brovir/i. 
Subtranslucent-^-opaque.     Fi*actare  conchoidal. 

Comp. — A  oolnmbate  of  calciam,  cerinm,  and  other  bases  in  varying  amonnts.  Analy/ks. 
by  Eammelsberg,  Brevig,  Ob,0»  58-2T,  TiOa  5'88,  TbO,  4M,  OeO  5-60.  CaO  1003,  FeO;UO,) 
6-63,  Na,0  5  31,  P  3-75,  H,0  1-53=10116. 

Obs.— Oocnrs  in  syenite  at  Fried erichsvom  and  Lanrvig,  Norway ;  at  Brevig;  near  Miaak 
in  the  Urals ;  Kaiserstnhlgebirge  in  Breisgua  (koppite) ;  with  samajreJdte  in  N.  Carolina  {Q.=z 
4*704,  dhemioal  oharaoter  unknown). 

MiCROLiTE.* — In  minute  yellow  octahedrons  in  feldspar.  G.=0'5.  Near  pyrochlore,  bat 
probably  coDtaining  more  tantalum  pentozide.     Chesterfield,  Mass. 

PtrrhI'I'E. — In  isometrio  octahedrons.  Color  orange-yellow.  Chemical  character  un- 
known. From  Mursinsk  in  the  Ural.  A  mineral  supposed  to  be  similar  from  the  Axorei 
oontains  essentially,  according  to  Hayes,  columbium,  sircouiuin,  etc. 

AzoRFTE. — lu  minute  tetragonal  octahedrons  resembling  lircon.  From  the  Aiores  in  aUribb. 
Chemical  character  unknown. 


TANTAUTB.* 

Orthorhombic.    Observed   planes   as   in   the  figure.     /A  I  =  101**  S2', 
OaVI=z  122°  8i';  i:i:d=  15967  : 1-2247  : 1.     Oa 
i-i  =  117°  2',  iri  A 1-2  =  143°  Gi\  1-2  A 1-2,  adj.,  =  141° 
48',  i-iAi-|  =  118°   33'.      Twins:   twinnhig-plane   i-l, 
common.     Also  massive. 

H.=:6-6'5.  G.=7-8.  Lusti-e  nearly  pure  metallic, 
somewhat  adamantine.  Color  iron-black.  Streak  red- 
dish-brown to  black.    Opaque.    Brittle. 

Oomp.,  Var. — A  tantalate  either  (1)  of  iron,  or  (2)  of  iron  and 
manganese,  or  (3)  a  stanno- tantalate  of  these  two  bases.  Formula 
Fo(Mn)TaaO«.  Sn  is  also  often  present  (as  FeSnOs.  according  to  Bam- 
mdsbeiig  ,  and  some  of  the  tantalum  is  often  replaced  by  columbium. 
Analysis,  Ramm.,  Tammela  (G.  =7-384),  TaiOft  70-84,  Cb,0.  7*54, 
8nO,  0'70.FeO  1800,  MnO  l-42=U9-90.  Other  varieties  contain  much 
more  Cb^Oa,  the  kinds  shade  into  one  another. 

Pyr..  etc. — B.B.  unentered.  With  borax  slowly  dissoWed,  yielding  an  iron  glass,  which,  at 
a  certain  point  of  saturalion,  gives,  when  treated  in  R.F.  and  subsequently  flamed,  a  gray- 
ish-white bead;  if  completely  saturated  beconies  of  itself  cloudy  on  cooling.  With  scdt  of 
phosphorus  dissolves  slowly,  giving  an  iron  glass,  which  in  R.F.,  if  free  from  tungsten,  is 
pale  yellow  on  cooling  ;  treated  with  tin  on  charcoal  it  l)ecomes  gfreen.  If  tungsten  is  present 
the  bead  is  dark  red,  ajid  is  unchanged  in  color  when  treated  with  tin  on  charcoal.  With 
•oda  and  nitre  gives  a  greenish -blue  manganese  reaction.  On  charcoal,  with  soda  and  suffi* 
«ient  borax  to  dissolve  the  iron,  gives  in  B.F.  metallic  tin.     Decomposed  on  fusion  with 
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potaMdam  bunilphate  in  the  platmmn  spoon,  and  giyee  on  treatment  with  dilute  hjdrooUoiio 
acid  a  yellow  solution  and  a  heavy  white  powder,  which,  on  addition  of  metallic  zinc,  assumes 
a  Bmalt-blne  color ;  on  dilation  with  water  the  blue  oolor  soon  disappears  (y.  Kobell). 

ObSi — Tantalite  is  confined  mostly  to  albite  or  oligodase  granite,  and  is  usually  associated 
vnth  beryl.  Occurs  in  Finland,  at  several  places ;  in  Sweden,  in  Fahlun,  at  Broddbo  and 
Finbo ;  in  France,  at  Chanteloube  near  Limoges,  in  pegmatite ;  in  North  Carolina. 

Named  Tantalite  by  Ekeberg,  from  the  mythic  Tantalus,  in  playful  allusion  to  the  difficul- 
ties (tantalizing)  he  encountered  in  his  attempts  to  make  a  solution  of.  the  Finland  mineral  in 
acidsL 

OOLUMBTTB.*  Niobile.     Ferroilmenite. 

Orthorhombic.  /A  7=101^  26',  C>  A 1-5  =  134°  53^';  c  :  X  :  4  = 
1-0038  : 1-2225  : 1.  OAl'i  =  140°  36',  (?  A 1-S  =  138**  26',  iri  A  M  = 
104°  30',  1-5  A  l-«,  adj.,  =  151°,  t-S  A  i-«,  ov.  i-i,  =  135°  40'',  i-2  A  i-2,  ov.  i-i^ 
=  135°  30'.  Twins :  twinning-plane  2-<.  Cleavage :  i-l  aud  i-i,  the  formei 
inoBt  distinct.    Occurs  also  rarely  massive. 

eei  M  663 


/^^^^ 
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'  I  m 


Haddam. 


Greenland. 


ICddletown,  Conn. 

H.=6.  G.=5'4-6'5.  Lustre  submetallic;  a  little  shining.  Color  iron- 
black,  brownish-black,  grayish-black ;  often  iridescent.  Streak  dark  red  to 
black.     Opaque.     Fracture  subconchoidal,  uneven.     Brittle. 

Comp.,  Var. — FeCb9(Ta9)Os,  with  some  manganese  replacinsr  part  of  the  iron.  The  ratio 
of  Gb  :  Ta  generally =8  : 1  (Bodenmais,  Haddam),  sometimes  4  :  1,  8  :  1,  10  :  1,  etc.;  in  tiie 
Greenland  colnmbite  the  TaaOft  is  almost  entirely  absent. 

Analyses.  Blomstrand,  (1)  Haddam  vG.=615),  (2)  Greenland  (G.=5  395). 


(2) 


CbaO. 

61-58 

77-97 


TaaOft 
28-55 


WO, 

0-76 
013 


SnOa 
0-84 
0-73 


ZrOa         FeO        MnO        HaO 
0-84        18-54        4-97        016=10019 
013        17-83        8  51         — =  99-80 


Pyr.,  etc. — Like  tantalite.  Von  KobeU  states  that  when  decompoeed  by  fusion  with 
caustic  potash,  and  treated  with  hydrochloric  and  snlphnric  acids,  it  gives,  on  the  addition  of 
zinc,  a  blue  color  much  more  lasting  than  with  tantalite ;  and  the  variety  dianite,  when 
similarly  treated,  gives,  on  boiling  with  tin>foil,  and  dilution  with  its  volume  of  water,  » 
sapphire-bine  fluid,  while,  with  tantalite  and  ordinary  colnmbite,  the  metallic  acid  remains 
undissolved.  The  variety  from  Haddam,  Ct.,  is  partially  decomposed  when  the  powdered 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  acid,  its  color  is  changed  to 
white,  light  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it  gives 
a  beautiful  bhie.  The  remarkably  pure  and  nnsdtered  colnmbite  from  Arksut-fiord  in  Green- 
land is  also  partially  decomposed  by  sulphuric  acid,  and  the  product  gives  the  renction  test 
with  zinc,  as  above. 

Obs. — Occurs  at  Babenstein,  Bavaria;  at  Tirschenrenth. -Bavaria ;  at  Tamraela  in  Finland ; 
at  Chanteloube,  near  Limoges  ;  near  Miask  in  the  Ilmen  Mts.;  at  Hermanskar,  near  BjdrBk&T« 
is  Finland ;  in  Greenland,  at  Evigtok. 
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u.  Ehe  United  Statot,  »t  Hadd»m,  fa  a  gmnila  t^,  and  near  Hiddletown,  Conn. ;  at 
Oheeterfleld,  Maes. ;  St&udUh,  Mej  Aowoith,  If.  E.  ;  also  Beverl;,  Mass ,;  Noithfleld,  Ham.  t 
Plymouth,  N.  H.  ;  Greenfield,  N.  T, 

The  Oonnectiont  crystals  are  aanally  rather  fragile  from  partdal  ohange ;  while  thoaa  of 
Qreeulaud  and  of  Maine  are  very  Grni  and  haid. 

Hbiimannolitie  (Shepaid).~FTom  the  colambiM  locality  at  Haddam,  CL.ond  a  Torie^ot 
odambite  dne  tc  alteration.  0.=G'1I>S.  Supposed  b;  Hermann  to  contaiin  "ilmenium"  pent 
oxide  (IliOt). 

TAPiOLiTB.-.TeU.igonaL  e  =  -64f(4  (rutUe  c=-9442).  FeTa^0b,)O.,  nith  Ta  :  Cb=4  i  1. 
TammelA,  Finland. 

Hjei.uite, — k  stanno-tautalata  of  iron,  uTanlnm  and  yttrinm.  UBaaiTA  Color  black. 
Near  Fahlun,  Sveden. 

TTTROTAHTAUTB.    Blaek  Tttrotantalilw. 

Orthorhombic.  I A 1=  123"  10' ;  O  A  24  =  103°  QQ';  6  :h:  4=  2-093* 
:  1*8482  : 1.     Crystals   ofteD    tabular  parallel   to  i-i.  g^^ 

Also  inaeeivej  amorphone. 

H.=5-5-5.  G.=5-4:-5-9.  Lustre  Biibmetallic  to 
vitreous  and  greasy.  Color  black,  bmwu.  Streak 
gray  to  colorless.  Opaque  to  siibtransluceiit  Fi-ao- 
tare  small  coiichoidal  to  granular. 

Oomp.— Mostly  Rg<Ta,Cb),Oi,  with  two  eqnivaleDta  of  water, 
perbspe  from  alteration ;  B=Fe  :  Ca  :  T(Er,Ce|  =  l  :  2  :  4.  Con- 
taining atfio  WOi  and  SnO,.  Analjaia  (Ramm.],  Ytterby,  TaiOi 
4685,  Cb,0,  13  32,  SnO,  112,  TVO.  2-38,  UO,  l-Bl.YO  10-53,  ErO 
«-71,  FeO3-80.  CeOasa,  Ca  5-73,  H,0  6-31=88  85. 

Pyr.,  etc. — In  the  closed  tube  yieldn  water  and  turns  yellow.  Ttterbj. 

On  int«DM  ignition  becomes  white.     B.B.  infoaible.     With  sole  of 

phoephoras  dissolTeB  with  at  fiiat  a  separation  of  a  white  B^aleton  of  tantalum  pentoxida, 
nhi(^  with  a  strong  heat  ia  also  dissolved  ;  the  block  variety  from  Ytterby  gives  a  glasa  faintly 
tinted  toae-red  from  the  presence  of  taugsten.  With  soda  and  borni  on  charcoal  gives  trace* 
of  mettdlio  tin  (Benelius).  Not  decomposed  by  acidH.  Decomposed  on  fusion  witb  potaa- 
■inm  hisulphate,  and  when  the  produot  is  boiled  with  hydiychlorio  add,  metallio  zinc  givesa 
pale  blue  ooloc  to  the  solutioD  which  soon  fades. 

Oba. — Oooara  in  Sweden  at  Ttteiby ;  at  the  KorarfTet  mine,  etc..  near  Fahlun. 


SAMASSKtTB.*  Utanotautalite. 

Orthorhombic.      /a  7=122°  46';    1-i  A  l-i  =  93°  ;    6:l:i 
1-833  :  1.      Ciystala  often  flattened 
parallel  to  i-l,  also  less  often  to  i-l.  965 

Also  in  large  irregular  masses  (N. 
Cai-oliiia).  In  flattened  imbedded 
grains  (Urals). 

II.=5-5-6.  G.=5;814-5-75;5-45 
-6'69,  North  Carolina.  Lustre  of 
surface  of  fracture  shining  and  sn1> 
inetttllic.  Color  velvet-black.  Streak 
dark  reddish-bi-owu.  Opaque.  Frac- 
ture subconchoidal. 

Nortii  Carolina. 
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CbaOft  TasOft  WOa  SnOa  ThOaZzOaUOa  MnO  FeO     GeO*     TO    GaO    HaO 

1.  MitcheU 

Co.,  N.  C,  87-20  18.60 0-08 12-46  0"76  10-90    425    1445  055  1-12  = 

XJOa  100-36 

2.  -MihBk,  47-47    1  36  005  005  4-35  10-95  0-96  11-83+  8-31    1261  0-78  0-45 

MgO  0-1 4=99 -76 

•  WHh  LaO,  DiO. 
t  With  0-«  CuO. 

'Pyr,f  etc. — In  the  dosed  tube  decrepitates,  glows  like  gadolinite,  cracks  open,  and  toma 
black,  and  is  of  diminished  density.  B.B.  fuses  on  the  edges  to  a  black  glass.  With  borax 
in  O.F.  gives  a  yellowish -green  to  red  bead,  in  H.F.  a  yellow  to  greenish-black,  which  on 
flaming  becomes  opaque  and  yellowish-brown.  With  salt  of  phosphorus  in  both  flames  an 
emerald -green  bead.  With  soda  yields  a  manganese  reaction.  Decomposed  on  fusion  with 
potassium  bisulphate,  yielding  a  yellow  mass  which  on  treatment  with  dilute  hydrochloric 
acid  separates  white  tantalic  acid,  and  on  boiling  with  metallic  zinc  gives  a  fine  blue  color. 
Samarskite  in  powder  is  also  suflSciently  decomposed  on  boiling  with  concentrated  sulphuric 
acid  to  give  the  blue  reduction  test  when  the  acid  fluid  is  treated  with  metallic  zinc  or  tin. 

Obs.----Occur8  in  reddish-brown  feldspar,  near  Miask  in  the  Ural ;  the  pieces  having  the 
size  of  hazel-nuts.  In  masses,  sometimes  weighing  20  lbs. ,  in  the  decomposed  feldspar  of  the 
mica  mines  of  western  North  Carolina,  especially  in  Mitchell  Co.  At  both  localities  it  is 
often  intimately  associated  with  columbite ;  at  Miask  the  crystals  of  the  latter  species  are 
lometimes  implanted  in  parallel  position  upon  those  of  the  samarskite. 

NOHLITB.-— Near  samaiskite,  but  contains  4-62  p.  c.  water.    Nohl,  Sweden. 

BUZBNITB. 

Orthorhombic.  Form  a  rectangular  prism  with  lateral  edges  i*eplaced, 
and  a  pyramid  at  summit.     Cleavage  uoue.     Commonly  massive. 

H.=6*5.  G.=4*60-4'99.  Lustre  brilliant,  metallic-vitreous,  or  some- 
what greasy.  Color  brownish-Mack;  in  thin  splinters  a  reddish-brown 
translucence  lighter  than  the  streak.  Streak-powder  yellowish  to  reddish- 
brown.     Fracture  subconchoidal. 

Comp. — According  to  Bammelsberg  2RTiOs-f-KCb30s+aq ;  here  Il=T,Fe,n  mostly. 
Analysis,  Ramm.,  Arendal,  GbaOt  35*09,  TiOa  21  16,  YO  27*48,  ErO  8-40,  UOs  4-78,  CeO  817, 
VeO  1-88,  HaO  2-63=99-63. 

Obs. — Occurs  at  Jolster  in  Norway  ;  near  Tvedestraiid  ;  at  Alve,  island  of  Tromoen,  near 
Arendal ;  at  Moretjar,  near  Naskilen. 

Named  by  Scheerer  from  eH^tyost  a  stranger^  in  allusion  to  the  rarity  of  its  occurrence. 

^SCHTNITE. — Orthorhombic.  H.=5~6.  G.=4-9-^'14.  Lustre  submetaUic  to  resinous, 
nearly  dull.  Color  nearly  black.  Streak  gray.  Fracture  small  subconchoidal.  Analysis, 
Bamm.,  CbaOft  28  81,  TiO,  22(54,  SnOa  018,  ThO,  15-75,  FeO  8  17,  CeO  18  49,  LaO(DiO) 
5-60,  YO  1-12,  CaO  275,  HjO  I  -07=09-58.  In  feldspar  with  mica  and  zircon.  Miask  in  the 
Urals. 

POLYHIGNITB.— Orthorhombia  In  slender  crystals.  H  =0-5.  G.=4-77-4-85.  Lustre 
brilliant.  Color  black.  Streak  dark  brown.  Fracture  perfect  conchoidid  Composition 
doubtful.     Fiedericksvarn,  Norway.     Perhaps  identical  with  ssschynite  (Frankenbeim). 

PoLYCKABS.— Orthorhombic.  H.=5-5.  G.=5  09-512.  Lustre  bright.  Color  black. 
Streak  grayish-brown.  Fracture  conchoidal.  Analysis,  Ramm.,  CbaOb  20*85,  Ta^Oft  400, 
TiO,  26-59,  YO  28  82,  FeO  2-72,  CeO  2  61,  UOa  7  70  Hv04  02=98-84.  In  crystals  in  granite 
at  Hitteroe,  Norway. 

Menqitb. — Occurs  in  short  prisms.  H.=5-5'5.  G.=5'48.  Color  iron-black.  ContaiuE 
lirconium,  iron,  titanium.     In  granite  veins  in  the  Umen  Mts. 

BUTHEEFOBDiTE. — ^Doubtful;  contains  titanium,  cerium,  etc.     Rutherford  Co.,  N.  G 


FEROUBONITI].*  Yellow  YttrotantaUte.     Tyrite.     Bragite. 

Teti^oiial,  heraihedral.     C^  A  1-i  =  124°  20' ;  c  =  1-464.    Cleavage :  1 
in  distinct  traces. 
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H.=5-5-6.    G.=5-838,  Allen;  5-800,  Turner.    Lustre  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  submetallic. 
Color  brownish-black ;  in  thin  scales  pale  liver-brown. 
Streak  pale  brown.     Subti-anslucent— opaque.     Frac- 
ture imperfect  conchoidal. 

Comp. — ^According  to  Rammelsberg,  essential] j  Bs(0bfTa)90». 
AnalysiB,  Bamm.,  Greenland,  ObuOB  44 '45,  Tt^Ot  6  30,  SnO.  0*47, 
WO,  016,  YD  24  OT.ErO  9-81,  CeO 7-63  (5-63  LaCDiO),  UO,  2-68, 
FeO  0*74,  CaO  0*61,  HjO  1-49-99  10.  The  amount  of  water  varies 
from  1*49-7  p.  a,  and  is  regarded  by  Bunmelsberg  as  arising  from 
alteration. 

Obs. — Fergiiionite  oocnrs  near  Gape  FareweU  in  Greenland,  dis- 
seminated in  qaartz.  Also  found  at  Ytterby,  Sweden  ;  in  Silesia. 
Bragite  iu  from  Helle,  Alve,  and  elsewhere  in  Norway.  Tyrite  is 
associated  with  euxenite  at  Hami>emyr  on  the  island  of  Tromoe, 
and  Helle  on  the  mainland ;  at  Nsoskul,  about  ten  miles  east  of 
Arendal. 

EoCHBLrrs. — ^Near  fergnsonite.     In  yellow  square-ootahedrons  and  omsts  in  graaiie. 
Kochelwiesen,  near  Schreiberhaa,  Silesia. 

Adelpholitb. — A  columbate  of  uron  and  manganese,  containing  41*8  p.  o.  of  metaUii 
adds,  and  9*7  p.  a  of  water.    TetragonaL    H.  =8*5-4*5.    G.=8*&     Tammola,  Finland. 
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8.  PHOSPHATES,  AESENATES,  VAJ^ADATES,  ETO. 


Anhydrocb  Phosphates,  Arsenates,  eto. 

ZENOTIMXI.    Yttezspath,  Germ, 

Teti-agoiial.     (?  A 1  =  138^  45' ;  c  =  0-6201.     1 A 1 ,  pyi-am.,  =  124^  26' ; 

basal,  =  82^  30'.    Cleavage :  7,  perfect. 
^68  H.=4-5.      G.  =4-45-4*56.      Lustre    resinous. 

Color  yellowish-brown,  reddish-brown,  hair-brown, 
flesh-red,  grayish-white,  pale  yellow ;  streak  pale 
brown,  yeflowish,  or  reddish.  Opaque.  Fracture 
uneven  and  splintery. 


Comp.— YaP.,0»=Phosphonu  pentoxide  (PaO*)  87-87,  yttiia 
6213=100. 

Pyr.,  etc. — B.B.  infaaible.     When  moistened  with  snlphurio 

acid  colors  the  flame  bluish-green.     Difficultly  soluble  in  salt 

of  phosphorus.     Insoluble  in  acids. 

Obs. — From  a  granite  vein  at  Hitteroe ;  at  Ytterbj,  Sweden  ;  St.  Gothard ;  BinnenthaL 

In  the  U.  S.,  in  the  gold  washings  of  Clarksville,  Georgia ;  in  McDowell  Co.,  N.  C;  in  the 

diamond  sands  of  Bahia,  Brazil.     The  wis&rine  of  Kenugott  has  been  shown  by  Klein  to  bo 

ootahedrite  (vide  p.  255). 

Obtftolite  (Plioaphoeerite). — CesPiOe  (with  some  Di),  like  monazite.    GoourB  in  minuto 
grains  imbedded  in  apatite  at  Arendal ;  Siberia. 


Apatite  Orawp. 


APATTTB.* 


Hexagonal ;  often  heraihedral.     (9  A 1  =  139**  41'  38'',  Kokscharof ;  h  = 
0-734603.    C^  A  2-2  =r  124"*  14i'.   Cleavage :  O,  imperfect ;  /,  more  so.    Also 


t2 


»•? 


St.  Gothard. 


globular  and  i-enifoim,  with  a  fibroas  or  imperfectly  columnar  stractaro  , 
ftko  massive,  sti  ictnre  gi-anular. 


OZTOEK  OOMPOUimS. — PHOSPHATES,  AS8ENATES,  ETC.  865 

H.=59  sometimes  4*5  when  massive.  G.=2*92-3*26.  Lnstre  vitreous, 
inclining  to  subresinons.  Streak  white.  Color  usually  sea-green,  Vjluisli- 
g^en  ;  often  violet-blue;  sometimes  white;  occasionally  yellow,  gray, red, 
flesh-red,  and  brown ;  none  bright.  Transparent— -opaque.  A  bhiiaJi 
opalescence  sometimes  in  the  direction  of  the  vertical  axis,  especially  in 
white  varieties.     Cross  fracture  conchoidal  and  uneven.     Brittle. 

Var. — 1.  Ordinary,  GzyBtallized,  or  oleayable  and  grantilar  maaaiye.  (a)  The  asparafftu 
stone  (originally  from  Marcia,  Spain)  and  moroxite  (from  Arendal)  are  ordinary  apatite.  The 
former  was  yellowish-green,  as  the  name  implies ;  the  latter  was  in  greenish-blue  and  blnish 
crystals ;  and  the  names  have  been  need  for  apatite  of  the  same  shades  from  other  places. 
2.  Fibrous^  cancretumart/^  sttUactitic,  The  name  Phosphorite  was  used  by  Kirwan  for  all  apatite, 
bnt  in  his  mind  it  especially  included  the  fibrous  ooncretionaiy  and  partly  scaly  minenJ  from 
Estremadura,  Spain,  and  elsewhere.  8.  Fhtor-apatite,  Ohlor-apaUU,  Apatite  also  varies  as 
to  the  proportion  of  fluorine  to  chlorine,  one  of  liiese  elements  sometimes  replacing  nearly  or 
wholly  the  other. 

Oomp. — The  formulas  of  the  two  varieties  are  3CasP208  +  CaGl9=Phosphorus  pentozide 
40*02,  lime  53*80,  chlorine  6*82=101*54;  and  3Ca3P,OB  +  GaF2=Phosphonispentoxide  42*26, 
lime  55 '56,  fluorine  3*77=101*58.  Sometimes  both  calcium  chloride  (GaCia),  and  calcium 
fluoride  (CaFa),  are  present. 

"Pytmr  etc. — B.B.  in  the  forceps  fuses  with  difficulty  on  the  edges  (F.=4'5-5),  coloring  the 
flame  reddish-yellow  ;  moistened  with  sulphuric  acid  and  heated  colors  the  flame  pale  bluish- 
green  (phosphoric  acid) ;  some  varieties  react  for  chlorine  with  salt  of  phosphorus,  when  the 
bead  has  been  previously  saturated  with  copper  oxide,  while  others  give  fluorine  when  fused 
with  this  salt  in  an  open  glass  tube.     Gives  a  phosphide  with  the  sodium  test. 

Dissolves  in  hydrochloric  and  nitric  acid,  yielding  with  sulphuric  acid  a  copious  precipitate 
of  calcium  sulphate  ;  the  dilute  nitric  acid  solution  gives  with  lend  acetate  a  white  precipi- 
tate, which  B.  B.  on  charcoal  fuses,  giving  a  globule  with  crystalline  facets  on  cooling.  Some 
varieties  of  apatite  phosphoresce  on  heating. 

Diff. — Gharacterized  by  its  hexagonal  form.  Distinguished  by  its  softnes?  &om  beiyl ; 
does  not  effervesce  with  acids  like  the  carbonates  ;  tmlike  pyromorphite,  yields  no  lead  B.B. 

Obs. — Apatite  occurs  in  rocks  of  various  kinds  and  ages,  but  is  mot-t  common  in  metamor- 
phic  crystsdline  rocks,  especially  in  granular  limestone,  granitic  and  many  metalliferous  veins, 
particularly  those  of  tin,  in  gneiss,  syenite,  horublendic  gneiss,  mica  schist,  beds  of  iron  ore ; 
occasionally  in  serpentine,  and  in  igneous  or  volcanic  rodcs ;  sometimes  in  ordinary  stratified 
limestone,  beds  of  sandstone  or  shale  of  the  Silurian,  Garboniferous,  Jurassic,  Gretaceous,  or 
Tertiary  formations ;  also  in  microscopic  crystals  in  many  igneous  rocks,  doleryte,  etc.  It 
has  been  observed  as  the  petrifying  material  of  wood. 

Among  its  prominent  localities  are  Ehrenfriedersdorf  in  Saxony ;  region  of  St.  Gothard 
in  Switzerland;  Mussa-Alp  in  Piedmont;  Untersulzbachthal  and  elsewhere  in  the  Tyrol: 
^  Bohemia ;  in  England,  in  Gomwoll.  with  tin  ores ;  in  Gumberland ;  in  Devonshire  ;  at  Wheal 
*  Franco  [fraiicolite\  eta  The  variety,  moroxite^  occurs  at  Arendal,  Snarum,  etc.,  in  Norway. 
The  aeparngus  atone  or  Spargdetein  of  Jumilla,  in  Murcia,  Spain,  is  pale  yellowish-green  in 
color ;  and  a  variety  from  Zillerthal  is  wine-yellow.  The  phosphorite,  or  massive  radiated 
variety,  is  obtained  abundantly  near  the  junction  of  granite  and  argillyte,  iu  Estremadura 
Spain  ;  at  Scbiackenwald  in  Bohemia ;  at  Krageroe,  etc. 

In  Afase.,  at  Norwich;  at  Bolton,  and  elsewhere.  In  Kew  York,  in  St.  Lawrence  Go.,  in 
granular  limestone;  in  Rossie;  Sanford  mine,  Essex  Go.;  near  Edenville,  Orange  Go.  In 
^ew  Jersey,  near  Suckasunny,  ;  Mt.  Pleasant  mine,  near  Mt.  Teabo ;  at  Hurdstown,  Sussex 
Go.  In  Penn.,  at  Leiperville,  Delaware  Go.;  in  Ghester  Go.  In  Ddatoare^t  Dixon^s  quarry, 
Wilmington.  In  Canada^  in  North  Elmsley,  and  passing  into  South  burgess ;  similar  in 
Boss ;  at  the  foot  of  Calumet  Falls ;  at  St.  Boch,  on  the  Achigan. 

Apatite  was  named  by  Werner  from  AirarcU,  to  deeeice,  older  mineralogists  having  referred 
it  to  aquamarine,  chrj«oUte,  amethyst,  fluor,  schorl,  etc 

OsTEOLiTB  is  massive  impure  altered  apatite.  The  ordinary  compact  variety  looks  like 
lithographic  stone  of  white  to  gray  color.     It  also  occurs  earthy.     Hanau. 

GuAito. — Guano  is  bone-phosphate  of  calcium,  or  oeteolite,  mixed  with  the  hydrous  phos- 
phate, bruflhile,  and  generiJly  with  some  carbonate  of  calcium^  and  often  a  little  magnesia, 
alumina,  iron,  silica,  gypsum,  and  other  impurities.  It  often  contains  0  or  10  p.  c.  of  water. 
It  is  often  granular  or  oolitic ;  also  compact  through  consolidation  produced  by  infiltrating 
waters,  in  which  case  it  is  frequently  lamellar  in  structure,  and  also  occasionally  stalagmitic 
and  stalactitic.  Its  colors  are  usually  grayish-white,  yellowish  and  dark  brown,  imd  6omo> 
limes  reddish,  and  the  lustre  of  a  surface  of  fracture  earthy  to  resinous. 


Zes  TfssommvE  HtKBsALocir. 

Phosphatio  Nodules.  Oopbolitks.— Phoaphatio  nodule*  ooonr  in  nuny  f oMflUarou 
rockii,  which  am  probably  In  all  caBes  of  oc^anio  odgjn.  They  Bometimei  pTesent  >  splml  oi 
other  Interior  ■liuulure,  derived  from  the  animal  organization  that  afforded  them,  and  in 
nnch  oaaes  their  oopiolitio  origin  le  naqaextdonable.  In  other  aaaeithereianortiinctiiietoaid 
in  deciding  whether  the;  an  true  coprolitea  oi  not. 

PTROMORFHTTE*  GrilnbleleTZ,  0«m. 

Hexft^nal.  Hemihedral.  0  A 1  =  139°  38' ;  i=  0-7862.  aeavace : 
/  and  1  in  ti'at:es.  J  (wininonly  striated  ho I'izoii tally.  Often  globular, 
reniform,  and  botryoidal  or  verrnciforrti,  with  usually  a  Bubcolnranai- strne- 
ture ;  also  fibrous,  and  grannlar. 

H.=3'5-4.  G.=^6-5-7'l,  mostly  when  without  lime;  5-6*5,  when  con 
taining  lime.  Lnatre  resinous,  dolor  gi-een,  yellow,  and  brown,  of  differ 
ent  ehadea;  BometimeB  wax-yellow  and  fine  orauge-yellow  ;  also  grayish 
white  to  milk-white.  Streak  white,  sometimes  yellowish.  Subtmnsparent 
— snbtranslucent.     Fracture  subcoiiuhoidal,  uneven.     Brittle, 

Camp. — Analogoai  to  apatite,  SPb,PgOi+PbCli=PhoaphoniapentozIde  IG'71,  lead  oxid« 
83'2T,  chlorine  2'02=1OO'SO.  Some  varieties  contain  ataenioreplacing-part  of  the  phoaphonu, 
and  otheiB  calolnm  replacing  Lhe  lead. 

Pyr.,  etc.— In  the  closed  tnbe  gives  a  white  anblimate  of  lead  chloride.  B.B.  in  the  foroepa 
ftues  eanil;  (F.  =  r6),  coloring  the  flame  blulsh^reen  ;  on  charcoal  futei  witiioat  redaction 
to  a  globnJe.  which  on  cooling  aasnmea  a  cryBtalline  polyhedral  foim,  while  the  coal  ix  eoated 
white  from  the  chloride,  otiii,  nearer  the  BBtay,  jellow  from  lead  oxide.  With  soda  on  charcoal 
yields  metallio  lead  ;  »ome  varietiea  contoin  araenic,  and  give  the  odor  of  garlic  in  R.  F,  on 
oharoool.  With  salt  of  phosphoma,  prevional;  saturated  with  copper  oxide,  gives  an  anue* 
bine  color  to  the  Same  when  treated  in  0,  K.  (chlorine).     Bolnble  in  nitric  acid. 

DlfL— Characterixed  by  ita  high  spedBo  gravity,  and  pyiognostics. 

Obe. — Pyromoiphite  oocnn  principally  in  veins,  and  accompaniesotheroresof  lead.  Occnra 
In  Saiony  ;  at  PriLbram,  Hies,  ond  Bleistadt,  in  Bohemia;  near  Freiberg ;  Clausthal  In  the 
Han;  BtNaseao;  Beresof  in  Siberia;  Oomwall.  Derbjahire,  and  Camberlandj  in  England; 
Leadhills  in  Scotland  ;  Wicklow,  and  ekewhere,  Ireland,  In  the  U,  S.  at  Fhenixville,  Penn.; 
also  in  Maine,  at  Lubec  and  Lenox ;  in  Davidson  Co. ,  N,  0, 

The  fignrea  produced  by  etching  (see  p.  116)  show  that  pyromorpbit^  Is  hemihedral  lik» 
apaldt«  (Baomhaaei), 

Named  from  irhf,  fire,  ^m^^,  form,  allnding  to  the  crystalline  form  the  glolmle  aaanmea  on 
oooling, 

HIMUTITB,*  Uimetealte. 

Hexagonal.     0  A 1  =  139"  58' ■  i  =  0-7276.     Cleavage :  1,  imperfect. 

II.=3-6.      G.=7-0-7-25,   mimetite ;    54-5-5,   hedy- 

8^  phane.     Lnatre  resinons.     Color  pale  yellow,   passing 

into  brown;  oi-ange-yellnw  ;  white  or  rolorlesB.    Streak 

white  or  nearly  so.     Subtranapart^nt — translucent. 

Comp.— Formnla  SPb|AB,Oi-f-PbCl,=Arsenlo  pent«xlde  28M, 
lead  oxide  74-66,  chlorine  2-30=100'5C,  Oeneially  part  of  the 
arsenic  is  replaced  1^  phoaphoms,  and  often  the  lead  in  part  by  cal- 

Pyr.eto.— In  the  closed  tnbe  lite  pyromorphitc,  B.B.  fusee  at  1, 
and  on  charcoal  gives  in  KF,  an  arsenical  odor,  and  isens'ly  reduced 
to  metallio  lead,  coating  the  coal  at  first  with  lead  chloride,  and 
later  with  arBenona  oxide  and  lead  oxide.  Gives  the  cliloriue  reao 
tiona  as  nnder  pyromorpblte,  Solnble  in  nitric  acid, 
Oba. — Ooonra  at  ecveral  of  the  mines  in  Cornwall ;  in  Camberiand,  At  Bt,  Prix  in  France , 
at  JobonngeorgeB-itodt ;  at  Nertaobinak,  Siberia,     At  the  Bnmkdale  mine,  PhenixvUle,  ttk 
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JGmetite  is  hemihedral  like  ajiatite  and  pyromorphite,  as  shown  by  etofaini-;  (Banmliauer). 
Named  from  fufinrfitf  imUatoTy  it  closely  xe^mbling  pyromorphite. 

Hbdtfhane.^A  variel^  containing  mach  oaldum.    Gamftj4IT£  contains  maoh  lead  p1io» 
phate. 


vANADnnriL* 

Hexagonal.  In  simple  hexagonal  prisms,  and  prisms  terminating  in 
planes  of  the  pyramids ;  1 A 1,  over  terminal  edge,  142®  58',  O  A 1  =  140° 
34',  /a  1  =  130°.     Usually  in  implanted  globules  or  incrustations. 

H.= 2*75-3.  G.= 6*6623-7.23.  Lustre  of  surface  of  fracture  resinous. 
Color  light  brownish-yellow,  straw-yellow,  reddish-brown.  Streak  white  or 
yellowish.  Subti*anslucent — opaque.  Fracture  uneven,  or  flat  conchoidal. 
Brittle. 

Oomp.—Formala  8Pbay80a-hPbOl8=Vanadiampentozide  19*86,  lead  oxide  78*70  chlorine 
a-50=100-66. 

Pyr.,  etc. — In  the  closed  tnbe  decrepitates  and  yields  a  faint  white  sablimate.  B.B.  fosei 
easily,  and  on  charooal  to  a  black  lustrous  mass,  which  in  B.F.  yields  metallic  lead  and  a  coat- 
ing of  chloride  of  lead ;  after  completely  oxidizing  the  lead  in  O.  F  the  block  residue  gfiyes 
with  salt  of  phosphorus  an  emerald-green  bead  in  R.F.,  which  becomes  light  yellow  in  O.F. 
Oives  the  chlorine  reaction  with  the  copper  test.     Decomposed  hy  hydrochloric  acid. 

If  nitric  acid  be  dropped  on  the  cryst-iUs  they  become  first  deep  red  from  the  separation  of 
▼aiiadinm  pentoxide,  and  then  yellow  upon  its  solution. 

Oblk— This  mineral  was  first  discorered  at  Zimapan  in  Mezioo,  by  Del  Bio.  Since  obtained 
at  Waniookhead  in  Dumfriesshire ;  also  at  Beresof  in  the  Ural ;  and  near  Kappel  in  Garinthia. 


DBcn&inTB.— PbYsOt  (or  with  some  Zn)=yanadinm  pentoxide  45  1,  lead  oxide  54-9=100 
Massive.    Color  deep  red.     Dahn,  near  Niederschlettenbach,  Bhenish  Bavaria.     Freiberg  in 
Breisgau  {eusj/nehite). 

Dbscloizttb.*— Pbay80t=Vanad  um  pentoxide  291,  lead  oxide  70-9=100.  Orthorhombio. 
South  America.     Wheatley  Mine,  Penn. 

PucHERrrE  (^rtfiwd^).— Orthorhombio,  near  brookite  in  form  ( Webiky).  Occurs  in  small 
hnplanted  crystals.  Color  reddish-brown.  In  composition  a  bismuth  vanadate,  BiVO«= 
Vanadium  pentoxide  28*8,  bismuth  oxide  71  '7.    Pncher  mine,  Schneeberg,  Saxony. 


RosooBLrris.— >OocaxB  in  thin  mioaceovui  scales,  arranged  in  stellate  or  fan- shaped  groups. 
Color  dark  brownish-green.  Soft  G.=2  988  (Genth);  2*902  (Roscoe).  Analyses:  1.  Boa- 
ooe  (Proc.  Boy.  Soo.,  May  10, 1876);  2.  Genth  (Am.  J.  SoL,  July,  1876). 

SiOi      V,06  AlO,      FeOa  MnO.    MgO     CaO      K.O     Na,0      H  O 

I.    141-25      28-60  1414      113  115      201      0  61      8-50      082       108 

moisture  2  27=101  02 

S.       47-69      22<>2V«Oii      1410      1-67  FeO       200       ti.       7-50      0101gn,4-96 

0-85  gangue- 100-22 

The  above  analyses,  made  upon  material  derived  from  the  same  source,  differ  widely, 
especially  in  rogard  to  the  state  of  oxidation  of  the  vanadium.  Genth  makes  it  VaOu::: 
2VaOi,y  vOft.  The  formula  given  by  Bosooo  is  2.^lVaO»  +  KiSi^ Ottt + aq.  Found  in  fissures  in 
the  porphyry,  and  in  cavities  in  quarts  at  the  gold  mine  at  Granite  Creek*  £1  Dorado  Oa , 
Oal.     Named  by  Dr.  Blake,  who  discovered  lu    See  farther  on  p<  435. 
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DEBOBIPnyiti  MEKERALOOT. 


WAONfiRim. 

Monoclinic.  O  =  71**  63',  /A  /  =  95°  25',  0  A  1-i  =  144°  25',  B.  &  M. ; 
c  :  J  :  a  =  0*78654  :  1*045  :  1.  Most  of  the  prismatic  planes  deeply  striated. 
Cleavage :  I^  and  the  orthodiugonal,  ijnperrect ;  O  in  traces. 

H.=5-5'5.  G.=3'068,  transparent  crystal;  2*985,  antransparent,  Eam- 
tnelsberg.  Lustre  vitreous.  Streak  white,  dolor  yellow,  of  difFereni 
shades ;  often  grayish.  Translucent.  Fracture  uneven  and  splintery  across 
the  prism. 

Oomp. — M^tPsOs+VgrFfsFhcwphornB  pentozide  43*8,  magnesia  87'1,  fluorine  11*7,  mag^ 
nennm  7*4=100. 

Pyr.,  etc. — B.B.  in  the  forceps  fuses  at  4  to  a  greenish-gray  glass ;  moistened  with  sulphu- 
no  add  colors  the  flame  bluJAh-green.  With  borax  reacts  for  iron.  On  fusion  with  soda 
effervesces,  but  is  not  completely  dissolved  ;  gives  a  faint  manganese  reaction.  Fused  with 
salt  of  phosphorus  in  an  open  glass  tube  reacts  for  fluorine.  Soluble  in  nitric  and  hydro- 
chloric acids.     With  sulphuric  acid  evolves  fumes  of  fluohydric  acid. 

Obs.— Occurs  in  the  valley  of  HoUgraben,  near  Werfen,  in  Salebuig,  Austria. 

Kjbbulfinb  («.  KohdS). — Stands  near  wagnerite,  but  exact  nature  uncertain.      In 
of  a  jMile  red  color  at  Bamle,  Korway. 


MONAZITE.* 


Monoclinic. 


672 


678 


(7=  76^  14',  IN  /=93^  10',   (?  A 14  =  138^  8';  cxlxd 

=  0-94715  :  1-0265  :  1.  Crys- 
tals usually  flattened  parallel' to 
iri.  Cleavage :  O  vei-y  perfect, 
and  brilliant.  Twins:  twin- 
ning plane  O, 

H.  =  5-.5-5.  G.  =  4-9-5-26. 
Lustre  inclining  to  resinoas. 
Color  brown ish-hyacinth-red, 
clove-brow)!,  or  yellowish- 
brown.  Subtransparent — sub- 
translucent.     Eather  brittle. 


Norwich,  Ct. 


Watetown,  Ct 


Oomp. — According  to  BamUielsberg, 
5R,P80H+ThaPa09,  where  R=Ge,La, 
DL      Analysis  by   Kersten,   Slatoust, 


PaOft  28-50,  ThOa  17-96,  SnO,  3-10,  OeO  86-00,  LaO  23-4C,  MnO  1-86,  OaO  1-68,  K.Oand  TiO, 
tr.=101-40. 

P3rr.,  etc. — B.B.  infusible,  turns  gray,  and  when  moistened  with  sulphuric  acid  colon  the 
flame  bluish-gpreen.  With  borax  gives  a  bead  yellow  while  hot  and  colorless  on  cooling ;  a 
saturated  bead  becomes  enamel- white  on  flaming.     Difficultly  soluble  in  hydrochloric  acid. 

Dl£F.-^Its  brilliant  basal  olearage  is  a  prominent  character,  distinguishing  it  from  tita- 
nite. 

Obs.~Monazite  occurs  near  Slatoust  in  the  Dmen  Mtn.  ;  also  in  the  Ural ;  near  Notero  in 
Norway ;  at  Schreiberhau.  In  the  United  States,  with  sillimanite  at  Norwich  ;  at  Yorktown, 
Westchester  Co.,  N.Y.;  near  Growder's  Mountain,  N.  G. 

Named  from  /ioi  dCo),  to  be  aoUta/ry,  in  allusion  to  its  rare  occurrence. 

TUBNERITE. — Identical  with  monazite,  as  first  suggested  by  Prof.  J.  B.  Dana.  Occuzb  in 
minute  yellow  to  brown  crystals,  rarely  twins,  at  Mt.  Sorel.  Dauphiny;  Santa  Brigritta, 
Tavetsch;  Lercheltiny  Alp,  Binnenthol;  Laacher  See  (v.  Eath.).  c\b:  d=-921G96  :  1  . 
0-958444.     a  =77*»  18'  (Trechmann). 

KORABFVEITE  {Bodominski). — A  cerium  phosphate  containing  fluorine;  near  monazite 
Ooours  in  large  orystalline  masses  of  a  yellowish  oolor  at  Korarfvet,  near  Fahlun,  Sweden. 


OXTUEN  OOMFOUHOa. — FBOS^IATBS,   ABBSSAHO,  BTO. 


Orthorliombic    /A  1=  98°,  O  M-l  =  129"  33',  Tscherniak ;  e:l:4~ 
1-211 :  1-1504  : 1.      Faces  of  cryetals   iiBiially   uneven. 
Cleavage ;     O    nearly    perfect    iu    unaltered    crystals.  874 

Maasive. 

H.=5.  G.  =3'54-8'6.  Subi-esinouB.  Color  gi-eeniah- 
gray ;  also  bliiisli ;  often  bntwiiiBli-black  externally. 
Streak  gmyish-wliite.    Transbcentiii  thin  fi-uginente. 

Oonp.— B,F>0„  where  B=Fe,  Md,  (Ca)Biid  LI,  <£..  Na,).  AdbItos 
hj  Oeaten,  from  Bodenmau.  FiO.  44'1fl,  FeO  )i8'21,  UnO  503.  HgO 
2-89,  C»0  0-78,  JU,0  7^.  Na,0  074,  K,0  004,  SiO,  040=10003. 
The  analjBes  v&iy  maob,  owing'  to  the  impme  material  employed. 

Pyr.,  eto. — In  the  dosed  tube  Bometjuiea  deorepitatea,  tarns  to  a  Korwioh. 

dark  colcr.  and  givee  off.traoea  of  water.     B.B.  fusee  at  1-6,  ooloring 

the  Uame  beaatLfol  lithi&-red  in  streaks,  with  a  pale  btuuh-gfreen  on  the  exterioi  of  the  cone 
of  flame.  The  coloration  of  the  Qamo  ie  beet  seen  nben  the  pnWeriied  minu^,  moialeaed 
with  sulpbnrio  acid,  is  treated  on  a  loop  of  platinum  wire.  With  borax  givei  an  iron  bead  | 
with  soda  a  reaction  for  manganese.  Soluble  in  bydrochlorio  acid- 
Obi, — Tdphylito  OMar«  at  Baben«teia  noai  Zwieael  in  Bavaria ;  also  at  Keityo  in  Finland ; 
Koijrich,  Uass. 
Named  from  rpic,  thrte-ftUd,  and  fvXii,  famiig,  in  allusimi  to  its  containing  Uiree  pho*- 

TRIPLITB.*  Zwieaelite. 

Orthorhombic.  Imperfectly  crvEtalline.  Cleavage:  unequal  in  three 
directions  perpendicular  to  each  other,  one  much  the  most  distinct 

H.=5-56.  G.=3'44-3-8.  Luetre  resinous,  inclining  to  adamantine. 
Color  brawn  or  blackish- brown  to  almost  black.  Streak  yellowish-gray  or 
brown.     Subtransluceiit — opaque.     Fracture  small  conclioidaL 

Comp— R,P,0,+EF,;  B=Fe,  Mn(Ca).  Analjris.  t.  Kobeli,  Pchlackenwald,  P,0.88-85, 
FeO.  3  50,  FeO  23  38,  MnO  80-00,  CaO  8-30.  MgOa-05,  F=8-10  =  104-08. 

Pyr.,  etc— B.B. fnsse  easily  at  1*6  to  a  black  magTietic  globule;  moistened  with  snlphario 
■cid  colors  the  flame  bloiBh-green.  VJiih  borax  in  O.  F.  gives  an  ajnethj-stine  colored  glass 
{mauganeee) ;  in  B.  F.  a  strong  leoctiou  for  iron.  With  soda  reacts  for  manganese.  With 
eutphuric  add  evdves  9noh;dric  add.     Solable  in  hydrochloric  add. 

Obs.^Fonnd  by  Alloand  at  Limoges  in  Fianoe,  with  apatite ;  at  Peilan  in  Sileiria. 

Ztcieielile.  a  dove-brown  varied,  was  fonnd  near  Babensteiu,  near  Zwiesd  in  Bavaria,  in 
qnarti  (O.  =3-97,  Pnchs). 

Sasoopsidb.— Neat  triplite.     Talley  of  the  HiJhlbaoh,  Silesia 

AMBLTOOHTm.* 

Triclinic.  Cleavage:  ^perfect;  i-i  nearly  perfect,  angle  between  these 
vleavajres  104^° ;  also  /  imperfect.  Usually  massive,  cleavable;  sometimes 
columnar. 

H.=6.  G.=3-3*ll.  Lustre  pearly  on  face  of  perfect  cleavage  (0); 
vitreous  on  i-i,  less  perfect  cleavage-fa<:e ;  on  cross-fractui-e  a  little  greasy. 
Color  pale  mountain  or  sea-green,  white,  grayish,  brownish-white.  Sub- 
transparont — translucent.  Fracture  uneven.  Optical  axes  very  divefgent ; 
plane  of  axes  nearly  at  right  angles  tot-i;  biseutrix  of  the  acute  angle 
negative,  and  parallel  to  the  edge  Oji\\  DesGL 
21 
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Ooinp.~Aooordizig  to  Rammelsbeig,  2AlP<i08+8Li(Ka)F.     If  Na :  Li=l  :  i,  the  fuiBiila 

requires  :  PhoBphoms  pentozide  49*24,  alumina  85*58,  lithia  6*24«  aoda 
675  3*23,  fluorine  9*88=104*17. 

Pyr.,  etc. — In  the  dosed  tube  yields  water,  which  at  a  high  heat  ia 
I  y/"'*'^^^        acid  and  corrodes  the  glass.     B.  B.  fuses  easily  at  2,  with  intumescence, 

and  becomes  opaque- white  on  cooling.  Colors  the  flame  yellowish-red 
with  traces  of  green ;  the  Hebron  variety  gives  an  intense  lithia-red  ; 
moistened  with  sulphuric  acid  gives  a  bluish-green  to  the  flame.  With 
cobalt  solution  assumes  a  deep  blue  color  (alumina).  With  borax  and 
salt  of  phosphorus  forms  a  transparent  colorless  glass.  In  fine  powder 
dissolves  easily  in  sulphuric  acid«  more  slowly  in  hydrochloria 

Diff. — Distinguished  by  its  easy  fusibiHty ;  reaction  for  fluorine  and 
lithia ;  greasy  lustre  in  the  mass,  eta 

Oba.— OocuiB  at  Ghursdorf  and  Amsdorf,  near  Penig  in  Saxony ;  also 
at  Arendal,  Norway.  In  the  U.  States,  in  Maine,  at  Hebron  (hebronite), 
imbedded  in  a  coarse  granite  with  lepidolite,  albite,  quartz,  red,  green, 
and  black  tourmaline;  also  at  Mt.  Mica  in  Paris,  8  m.  from  Hebron, 
with  tourmaline. 
The  name  is  from  afifiAhg,  bkint,  and  y6w^  angle. 
Hebromitb. — The  mineral  from  Hebron,  Me.  (see  above),  has  been 
shown  by  DesCloizeaux  to  differ  in  optical  character  {v  >  p)  from  the 
Penig  amblygronite.  On  this  ground,  as  well  as  on  account  of  a  variation 
in  the  compositiony  it  has  been  proposed  (v.  Kobell)  to  make  it  a  new  species.     The  same 
optical  character  and  composition  belong  to  the  mineral  from  Montebras  (called  manttbrasits 
on  the  basis  of  an  erroneous  ansdysis).    Analysis  of  hebronite,  Pisani,  PaOs  46*65,  :MOx 
86*00,  LiaO  9-75,  H,0  4  20,  P  5*22=101  -82. 

Heiiderite. — Supposed  to  be  an  anhydrous  aluminum-calcium  phosphate,  with  fluorine. 
Color  yellowish-white.     Khrenfriedersdorf. 

DUBANGITB.— Monoclinic  Cleavage  prismatic  (110°  10).  H.=:5.  O.  =3-987-4 *07.  Color 
bright  orange-red.  Analysis,  Hawes,  Arsenio  pentoxide  68  11,  alumina  17  19,  iron  sesqui- 
oxide  9*23,  manganese  sesquioxide  208,  soda  1306,   Uchia  0*65,  fluorine  7*67=102*99. 

Formula  BaBAsaO*  (with  one-ninth  of  the  oxygen  replaced  by  fluorine),  or  RAsaOs -f  2BF. 
Here  B=Na  :  Li=10  :  1 ;  B=^  :  Fe  :  Mn=15  :  5  :  1.  Other  varieties,  having  a  lighter  color, 
have  Al :  Fe-=5  :  1.     Occurs  with  caasiterite,  near  Durango,  Mexico  (Brush). 


Hebronite,  Maine. 


Anhydbous  Antimonates. 


MoNiMOLiTE. — Mainly  an  antimonate  of  lead.     Yellow.     G.=5'94.     Paisberg,  Sweden. 

NADORiTB.—PbSbiO«-i-PbCl9.  In  yellow  translucent  crystals.  H.=8.  G.=7'02.  Djebel- 
Nador,  province  of  Constantine,  Algiers. 

BOMBITB.  — An  antimonate  (or  antimonite)  of  calcium.  Occurs  in  groups  of  minute  tetra- 
gonal crystals.     Color  yellow.     St.  Marcel,  Piedmont. 

BivoTiTB. — Contains  antimonic  oxide,  carbon  dioxide,  and  copper.  Amorphous.  Coloi 
yellowish-green.     Sierra  del  Cadi. 

Stibiofkrrite. — Amorphous  coating  on  stibnite,  from  Santa  Clara  Co. ,  Cal.    Mixtoze  (?). 


Hydboub  Phosphates,  Aksenates,  etc. 


Monoclinic.  7  A  /  =  111® 
Cleavage :  i4  eminent.  One 
gion  of  the  other.  Surfaces 
matual  inten«?ction.  Earely 
or  acicular  crvstallizations,  in 
titic,  and  Bometiiiies  massive. 


6',  aAi-2  =  10r   26',   1A1  =  117®   24'. 
of  the  faces  1  often  obliterated  by  tlie  exten 
i-i  and  i-2  usually  striated  parallel  to  theii 
in  crystals ;  commonly  in  delicate  silky  fibres 
stellated  groups.    Also  botryoidal  and  stalac- 
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H.=- 2-2*5.     G.=2'64r-'2-73.     Lusti'e  viti-eoiis  ;  on  i-l  incliniug  to  pearij 
Color  white  or  grayish ;  frequently  tinged  red 
by  arsenate   of  cobalt.     Streak  white.     Trans- 
lucent— opaqne.     Fracture  uneven.     Thin  lami- 
tiffi  flexible. 


Oomp.— 2HGaA804+5aq=Aiseiiio  pentozide  61  1,  lime 
24-9,  water  240=  100. 

Pyr.,  etc. — In  the  dosed  tube  yiekU  water  and  beoomes 
opaque.  B.B.  in  O.F.  fuses  with  intumescence  to  a  white 
enamel,  and  colors  the  flame  light  blue  (arsenic).  On  char- 
coal in  R.  F.  gives  arsenical  fumes,  and  fuses  to  a  semi-transparent  globule,  gcmetimes  tinged 
Uue  from  traces  of  cobalt.  The  ignited  mineral  reacts  alkaline  to  test  paper.  Insoluble  la 
water,  but  readily  soluble  in  acids. 

Obs. — Found  with  arsenical  ores  of  cobalt  and  silver  at  Wittichen,  Baden  ;  at  Andreasbezg, 
and  at  Riechelsdorf  and  Bieber  ;  at  Joachimsthal. 

This  species  was  named,  in  allusion  to  its  containing  arsenic,  from  tf^dpfuueorf  poiscm. 

Struvitk. — An  ammmium-magnesium  phosphate  containirig  12  equivalents  of  water.  In 
guano  from  Saldanha  Bay,  Africa. 

Haidinq£UIT£. — HCaA804+aq.=: Arsenic  pentoxide  58'1,  lime  28'3,  water  18-6=100. 
Joachinitfthal  (?). 

BRU8HiTE.~HCaP04(R3P.08)+2aq=Phosphoruff  pentoxide  41*3,  lime  82*6,  water  6*1= 
100.     Monoclinic.     Q-.=2  208.    On  guano  at  Aves  Island  and  Sombrero. 

MBTABUU8UiTfi.->2HCaP04+8aq.  G.=2-35.  Sombrera  Oknithkitb.  Probably  altered 
taishite. 

Chttrchitk.— RjPaOe+4aq,  with  R=Ce(Di),Ca,     Cornwall. 

Wapplbritb  {Frengd). — Triclinio.  In  minute  crystals  and  in  incrustations.  Color  white. 
GomposiUon  H>,0a.Mg)AsO4+7aq=(0a  :  Mg=4  :  3)  arsenic  pentoxide  48'7,  lime  18*5,  mag- 
nesia 7-3,  water  30  5—100.  Found  with  pharmacolite  ab  Joachimsthal.  Schrauf  states  thai 
raulerUe  is  a  pseudomorph  after  wapplerite. 

HosRNRSiTE. — Monoclinic.  Color  snow-white.  Composition  MgsA8«Os-4-8aq.  From  the 
Bonat. 

PiCBOi*HABMACOLiTE. — ^MonocUnia     Caa(Mgs)A8sOs+6aq.     Riechelsdorf;  Freibeig; 
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VIVIANITB. 

Monoclinic.     C  =  75°  34',  /a  /  =  108°  2',  1 A 1  =  120°  26',  i:b:d=: 
•935792  :  1-33369  :  1 ;  v.  Rath.    Surface  i-^  smooth,  others 
striated.     Cleavage :   i-l,  hidily  perfect ;  i-i  and  i-i  in 
traces.     Often  renifonn  and  globular.     Structure  diver- 
gent, fibrous,  or  eartliy ;  also  incrusting. 

H.=l-5-2.  G.=2'68-2'68,  Lustre,  i-i  pearly  or  me- 
tallic pearly ;  other  faces  vitreous.  Color  white  or  color- 
less, or  nearly  so,  when  unaltered  ;  often  blue  to  green, 
deepening  on  exposure;  usually  green  when  seen  per- 
pendicularly to  the  cleavage-face,  and  blue  transvci-sely  ; 
the  two  colors  mingled,  producing  the  ordinary  dirty  blue 
color.  Streak  colorless  to  bluish-white,  soon  changing  to 
indigo-blue;  color  of  the  dry  powder  often  liver-brown. 
Transparent — translucent;  becoming  opaque  on  expo- 
sure. Fi*acturo  not  observable.  Thin  iaminai  flexible. 
Sectile. 

Oomp.— FesPaOt-f  8aq=Phosphoras  pentoxide  28*8,  iron  protoxide  43*0,  water  28*7=1)0 
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Pyr.,  eto. — ^In  the  closed  tabe  yields  neufcral  water,  whitens  and  exfoliates.  B.B.  fuses  at 
1*5,  ooloring  the  flame  bluish- green,  to  a  grayish-black  magnetic  globule.  With  the  flozea 
zeaote  for  iron.     Soluble  in  hydrochloric  acid. 

DifL — Distinguishing  characters  :  deep-blue  color ;  softness ;  solubility  in  acid. 

Obs. — Occurs  associated  with  pyrrhotite  and  pyrite  in  copper  and  tin  veins ;  in  beds  of 
olay,  and  sometimes  associated  with  lii.onite,  or  bog  iron  ore;  often  in  cavities  of  fossils  or 
buried  bones.  Occurs  at  Wheal  Falmouth,  and  elsewhere  in  Cornwall ;  in  Devonshire,  near 
Tavistock;  at  Bodenmais.  The  earthy  variety,  called  blue  iron  mrth  or  native  Prtisnan  blue 
oocors  in  Greenland,  Garinthia,  Cornwall,  etc.     At  Cransac,  France. 

In  N.  America,  it  occurs  in  ^ew  Jersey^  at  Allentown ;  at  Franklin.  Alsoin  i>«2awirf,  near 
Middletown;  near  Cape  Henlopen.  In  Maryland^  in  the  north  part  of  Somerset  and  Wor- 
cester Cos.     In  Virginia,  in  Stafford  Co.     In  Canada,  with  limonite  at  Vandreuil,  abundant. 

Ltjdlamite  [Fidd), — Monoclinic  H.=3'4.  G.=:8'12.  Color  dear  green,  from  pale  to 
dark.  Transparent,  brilliant.  Composition  2FesPi08 + HiFeOi  +  SaqrrPhosphorus  pentozide 
t9-88,  iron  protoxide  6306,  water  1706=100.     ComwaU. 


Monoclinic. 


Sohneebeig. 


£RTTHRITXi.    Cobalt  Bloom.    KobaltblUthe,  Qerm, 

(7=70°  54', /A  7=111°  16'  C>Al-i  =  146°19';  c:h\d 
=  0-9747  :  1-3818  :  1.  Surfaces  i-i  and  1-i  vertically 
striated.  Cleavage :  ^i  highly  perfect,  v-i  and  li  indis- 
tinct Also  in  globular  and  i*eiiiform  shapes,  having  a 
drnsy  surface  ana  a  columnar  structure ;  sometimes  stel- 
late.    Also  pulverulent  and  earthy,  incrusting. 

H.=l*5-2-5  ;  the  lowest  on  i-i,  G.=2'948.  Lustre 
of  iri  pearly  ;  other  faces  adamantine,  inclining  to  viti-e- 
ons;  also  dull  and  earthy.  Color  cj'imson  and  peach- 
red,  sometimes  pearl-  or  greenish-gray  ;  red  tints  incline 
to  blue,  perpendicniar  to  clcavuge-face.  Streak  a  little 
paler  than  the  color  ;  the  dry  powder  deep  lavender- 
blue.  Transparent — subtranslucent.  Fmcture  not  ob- 
servable.   Thin  laminae  flexible  in  one  direction.    Sectile. 


Oomp. — CoaA8aO«+8aq= Arsenic  peutoxide  88*40,  cobalt  oxide  87*56,  water  24  04;  Co 
often  partly  replaced  by  Fe,Ca,  or  Ni. 

Pyr.,  etc. — In  the  closed  tabe  yields  water  at  a  gentle  heat  and  turns  blnish  ;  at  a  higher 
heat  gives  off  arsenous  oxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gray  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  g^ay  bead,  and  colors  the 
flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a  dark  gray 
arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt.  Soluble  in 
hydrochloric  acid,  giving  a  rose-red  solution. 

Obs. — Occurs  at  Scbneeberg  in  Saxony  ;  at  Saalfeld  in  Thuriugia ;  Wolfach  and  Wittichen 
in  Baden;  Modum  in  Norway;  at  Allemont  in  Dauphiny;  in  Cornwall,  at  the  Botallack 
mine,  etc. 

Erythrite,  when  abundant,  is  valuable  for  the  manufacture  of  smalt.  Named  from  ipvBpos, 
red. 

RosELiTE.  * — Triclinic  (Schrauf).  Usually  in  complex  twin  crystals.  H.  =  8  '5.  G.  =8  '585 
-3 '788.  Color  rose-red.  Compositiou  BsAs308i-2aq  (or  3aq),  with  R=Ca,Mg,  and  Co.  Ana- 
lysis, Winkler,  As^O*  49*96,  CoO  12-45,  CaO  28-72.  MgO  4-67,  H,0  9-69=100-49.  Found  at 
Schneeberg,  Saxony ;  the  ciystals  from  the  Daniel  Mine  have  a  lighter  color  than  those  of  the 
Bappold  Mine,  the  latter  containing  less  cobalt  and  more  calcium. 

WiNKLEBiTB.— Contains  AssO.,Cu,6o,Fe,Co,Ni,Ca,HaO,COj,  etc.  Mixture(?).  Pria, 
Spain. 

K^TTIGITR. — Near  erythrite,  but  contains  zinc.     Schneebeig. 

AN17ABEKUITB  (Nickelbliithe,  6?'«'W.).—Ni,AsjO«-|-8aq= Arsenic  pentoxide  38*6,  nickel 
oxide  87 '2,  water  24*2=100.  Soft,  earthy.  Color  apple-green.  Allemont;  Annaberg ; 
Biechelsdorf. 

HuiiCAULiTB. — A  hydrous  iron-manganese  phosphate,  ojcuring  in  cavities  in  triphylit« 
at  Limoges,  France. 

Chondrarsenitb. — ^Yellow  grains  in  barite ;  probably  a  mangranese  arsenate.  PaiBl>eig, 
Sweden. 


OXTGEN   OOMFOUNDS.-— PH08PHATB8,   ABSENATBSy  ETO. 
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Orthorhombic    /A /=  92^  20',  (9 A l-i  =  143°  60';  i:h    rf  =  0-7811 
1*0416 : 1.      Crystals    usually    octahedral    in    aspect. 
Cleavage:  diagonal,  i-t,  i-^,  very  indistinct.     Also  globu- 
lar or  ronifonn,  and  compact 

H.=4.  G.=3'6-3'8.  Lustre  i-esinous.  Color  olive- 
green,  generally  dark.  Streak  olive-gi*een.  Translucent, 
to  snbtranslucent.  Fracture  subconchoidal — uneven. 
Brittle. 


Oomp. — ^Oa4P::Oj+aq,  or  GaBPsOs  +  HsGuOa  (Ram]ii.)=PhoephoraB 
pentoxide  29*7.  copper  oxide  665,  water  3-8=100. 

Pyr.,  etc. — ^In  the  doBed  tabe  yields  water  and  turns  black.  B.B. 
fuses  at  2  and  colors  the^flame  emerald-green.  On  charcoal  with  soda 
gives  metallic  copper,  sometimes  also  an  arsenical  odor.  Fused  with 
metallic  lead  on  charcoal  is  reduced  to  metallic  copper,  with  the  forma- 
tion of  lead  phosphate,  which  treated  in  ILF.  gives  a  crystalline  polyhedral  bead  on  cooling. 
With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — Occurs  at  Libethen,  in  Hungary ;  at  Bheinbreitenbach  and  Ehl  on  the  Ehine ;  at 
Nisohne  Tagilsk  in  the  TJral ;  in  Bolivia ;  OhiU. 


OLIVENITB. 

Orthorhombic.  7a  7=92°  30',  O  A 14  =  144°  14';  c 
1*0446  :  1.  Cleavage:  /  and  14  in  traces.  Sometimes  aci- 
cular.  Also  globular  and  i*eniform,  indistinctly  fibrous, 
fibres  straight  and  divergent,  rarely  promiscuous;  also 
curved  lamellar  and  granular. 

H..=3.  G.=4*l-4'4.  Lustre  adamantine — vitreous;  of 
some  fibrous  varieties  pearly.  Color  various  shades  of  olive- 
green,  passing  into  leek-,  sisidn-,  pistachio-,  and  blackish- 
green  ;  also  liver-  and  wood-brown ;  sometimes  straw-yellow 
and  grayish-white.  Streak  olive-green — brown.  Subtrans- 
parent — opaque.  Fracture,  when  observable,  conchoidal — 
uneven.    JBrittle. 


l:d  =  0-72 : 
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Oomp. — Ou4A8<OD-haq=CuBAs908+H9CuOa  (Ramm.)=: Arsenic  i>entoxide  40*66,  coppez 
oxide  56-15,  water  319=:100. 

P3rr.,  etc. — In  the  closed  tube  gives  water.  B.B.  fuses  at  2,  coloring  the  flame  bluish -green, 
and  on  cooling  the  fused  mass  appears  crystalline.  B  B.  on  charcoal  fuses  with  deflag^tion, 
gives  off  arsenical  fumes,  and  yields  a  metaUic  arsenide,  which,  with  soda  yields  a  globule  of 
copper.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — The  ciystallised  varieties  occur  in  many  of  the  Cornwall  mines ;  near  Tavistock  in 
Devonshire ;  also  at  Alston  Moor  in  Cumberland ;  at  Camsdorf  and  Saalfeld  in  Thuringia ;  the 
Tyrol;  the    Banat;  Siberia;  ChiU ;  and  other  places. 

Adamite. — ZnsA!siO0-t-H.<ZnOs=:  Arsenic  pentoxide  402,  zinc  oxide  56*7,  water  8  1 =100. 
Golor  yellow.     Chanaroillo,  Chili ;  Cap  Garonne. 

Tagilitb — CuiPaOa  +  Saq  (=Cu3P208H-H2CuOjH-2aq).  Color  emerald-green.  Nischne- 
Tagilsk.  IsoCLAsrrB.  Ca4Pa09-f5aq(=CasPaOa-hHaCaOaH-4aq).  Colorless  to  snow-white. 
JoachimsthsJ. 

EucHROirE. — CuaAsjOtt+HgOuOa+Oaq  (Ramm.)= Arsenic  pentoxide  84*1,  copper  oxide 
47 "2,  water  18*7=100.     Color  emerald-green.     Libethen,  Hungaiy. 

CHr.OROTiLB. — Cu3A8aOii+6aq.  In  capillaiy  crystals.  Also  fibrous;  massive.  Color  apple* 
green.     In  quartz  at  Schneeberg  and  Zinnwald  ;  Thuiingia ;  Chili  (Fremd). 

VEb2BLTrrB  {ScJirauf), — A  hydrous  copper  phosphate  ;  composition  4CusPaOi-h5aq.  Trfc 
dinia     Occurs  in  ciystalline  crusts  on  a  gainet-rock  at  Morawicza  in  the  Banat. 
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UROOONim.    Linsenen,  Oerm, 

Monoclimc.  7a/=74°  21',  DesCl.  (7=88°  33'.  Cleavage  lateral, 
but  obtained  with  difficulty.     Rarely  granular. 

H.=2-2'5.  Q.=2-88-2*98.  Lustre  vitreous,  inclining  to  resinous. 
Color  and  streak  sky-blue — verdigris-green.  Fracture  imperfectly  ^on- 
choidal,  uneven.     Imperfectly  sectile. 

Oomp.— Formula  Ctit(Al)  As8(Pa)08+Ho(Out,Al)Oe4-9aq,  with  Cu»  :  3^1=3  :  2,  and  Ab  : 
P=l  !  4     This  requires  arsenic  pentoxide  23  1,  phosphorus  pentoxide  8 '6,  copper  oxide  35 '9 
alumina  lOS,  water  27  1  =100. 

Pyr.,  etc. — In  the  closed  tube  gives  much  water  and  turns  olive-green.  B.B.  cracks  open, 
out  does  not  decrepitate  ;  fuses  less  readily  than  oUvenite  to  a  dark  gray  Rlag ;  on  charooal 
oracks  open,  deflagrates,  and  gives  reactions  like  oUvenite.     Soluble  in  nitric  acid. 

Oba. — With  various  ores  of  copper,  pyrite,  and  quartz,  at  Wheal  Gorland,  Wheal  Muttrell, 
etc.,  in  Cornwall ;  also  in  minute  crystals  at  Herrengrund  in  Hungary ;  and  in  Voigtland. 

Pbkudohalachitb  Pho9phochalcit6.  —  Cu«PiOi  i  -H3aq=Cujp40H+3H8CuOa= PaOb  21  1 , 
OuO  70-9,  HaO  8'0=100.  Triclinic  (Schranf).  G.=4-34.  Color  emerald-green.  Related 
Bub-species:  Ehlitk  (Prflf»«e),  Cu8Pa08H-2HiCuOi4-aq  (Ramm.);  DnrYDRiTE,  CusPaOa-f 
2H9CUO9.     Ehl,  near  Liuz,  on  the  Rhine  ;  Libethen,  Hungary ;  Nischne  Tagilsk ;  ComwaJ]. 

ERmiTE. — Cu9Ass08+2HaCuOy.  In  mammillated  ciystolline  groups.  Color  green.  Com- 
walL 

CoRNWALLiTE. — CuJU^do+Saq  (=CusABjOH+2HtCu08+aq).  Amorphous.  Color  green. 
Cornwall  {Church), 

PsrrTAcmrrs. — Occurs  in  thin  crypto-crystalline  coatings,  sometimes  having  a  botiyoidal 
structure ;  also  pulverulent.  Color  siskin  green  to  olive-g^een.  Formula  2Rsya08  4-  3H3CUO9 
+6aq,  with  R=Pb  :  Cu=3  :  1.  This  requires :  Vanadium  pentoxide  19  32,  lead  oxide  53*159 
copper  oxide  18*95,  water  8*58=100.  Found  at  the  g^ld  mines  in  SUver  Star  Distxict,  Mon- 
tana (Genth.  Am.  J.  Scl,  III.,  xii.,  35,  1876). 

MoTTKAMiTE. — Occurs  as  a  thin  crystalline  incrustation,  which  is  sometimes  velvety,  con- 
sisting of  minute  crystals  ;  more  generally  compact  H.=3.  G.  =5*894.  Color  black  by 
reflected  light,  in  thin  particles  yellowish,  traaslucent  (crystals) ;  purplish-brown,  opaque, 
(compact).  Formula  (Pb,Cu)sy  3O0  +  2H3(Pb,Cu)02,  which  requires  vanadium  pentoxide  18'74, 
copper  oxide  20*39,  lead  oxide  57*18,  water  3*69=100.  Related  to  dihydrite  and  «irinite. 
Found  in  Keuper  sandstone  at  Alderley  Edge  and  Mottram  St.  Andrew's,  in  Cheshke, 
England  (Roscoe,  Proc.  Roy.  Soc.,  xxv.,*III.,  1876). 

YOLBORTHITB.— B4y909+aq,  with  R=Ca  :  Cu=2  :  3  (or  3  :  7),  Ramm.  From  the  Urala 
Ealk-volborthit  (Germ.),  Friedrichsrode,  contains  calcium. 


OUNOOIaASITZI.    Strahlerz,  Oerm» 

Monoclinic.     6'=  80°  30',  /A/,  front,  =  56°.     Cleavage  :  basal,  highly 

perfect.     Also  massive,  hemispherical,  or  reniform ; 
681  structure  radiated  fibrous. 

H.=2-5-3.  G.=4-19-4*36.  Lustre:  O  pearly; 
elsewhere  vitreous  to  resinous.  Color  internally  dark 
verdigris-green;  externally  blackish-blue  green.  Streak 
bluish-green.     Subtranslucent.     Not  very  brittle. 

Ck>mp.—CusAs20!>+3H9Cu09= Arsenic  pentoxide  30*2,  ooppei 
oxide  62*7,  water  7  1=100. 
Pyr.,  etc. — Same  as  for  olivenite. 

Obs. — Occurs  in  Cornwall,  with  other  ores  of  copper,  at  soTon] 
mines.    Also  found  in  the  Erzgebirge 
V  V^  Ttrolite  (Kupferschaum). — A  hydrous  arsenate  of  copper  (Oui 

Aa^Oio-hnaq),  containing  also  calcium  carbonate  (aa  an  imparity  T ) 
Color  pale  apple-green.    Libethen.  Hungary ;  Schneebeig,  etc. 


OXYGEN  COMPOUNDS. — ^PHOSi'UAl'BS,   AJU6ENATES,  ETO. 
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OsALCOFHTLLiTB  (Copper  mioa;  Kapfeiglimmer,  (7«7».).— Gu«A«sOg-h6H»CuOa  +  7HaO=: 
Axaenio  pentoxide  21-3,  copper  oxide  68-7,  water  200=100.  Copper  mlaes  of  Cornwall, 
Hnngaxy;  Holdawa. 


LAZUUTB.    Blauspath,  Germ. 


Monoclinic.     C  =  88°  15',  7  A  7  =  91°  30',  6>  A  1-i  =  139°  45',  Prilfer : 
5 :  J  :  d  =  0-86904  : 1-0260  :  1.    Twins :  twiuning-plane  i-i;  also  O.    Cleav- 


age :  lateral,  indistinct    Also  massive. 
689  683 


684 


H.=5-6.  G. = 3*057,  Fnchs.  Lustre  vitreons.  Color  azure- blue;  com- 
monly a  fine  deep  blue  viewed  along  one  axis,  and  a  pale  greenish-bluo 
along  another.  Streak  white.  Subtranslucent — opaque.  Fracture  uneven. 
BritSe. 

Oomp.— B:\:lP20»+aq=::\^lp90i+H3(M;,Fe'Os  (Dana)=Phc8phoniB  pentoxide  46*8,  alu- 
mina 84*0,  magnesia  13-2,  water  6*0=100. 

Pjrr.,  etc.— In  the  dosed  tube  whitens  and  yields  water.  B.B.  with  cobalt  solntion  the 
bine  color  of  the  mineral  is  refttored.  In  the  forceps  whitens,  cracks  open,  swells  np,  and 
without  fusion  falls  to  pieces,  coloring  the  flame  bluish-green.  The  green  color  is  made  more 
intense  by  moistening  the  assay  with  sulphuric  acid.  With  the  fluxes  gives  an  iron  glass ; 
with  soda  on  charooid  an  infusible  mass.  Unacted  upon  by  acids,  retaining  perfectly  its  blue 
color. 

I>i£— Characterized  by  its  fine  blue  color ;  blue  flame  B.B. 

Obs. — Occurs  near  Werfen  in  Salsbuig ;  in  Qratz,  near  Vorau ;  in  Erieglach,  in  Styria ;  at 
Hochthal^grat,  at  the  Gomer  glacier,  in  Switzerland  ;  in  Horrsjoberg,  Wermland ;  Westaca, 
Sweden ;  also  at  Tijuco  in  Minas  Geraes.  Brazil.  Abundant  at  Crowder^s  Mt.,  Lincoln  Co., 
N.  C;  and  on  Grayefl  Ml,  Lincoln  Co.,  Ga.,  50  m.  above  Augusta. 

SOORODim. 

Orthorhombic.    /A  7=  98°  2',  O  A  1-i  =  132°  20' ;  <5 :  2  :  e?  =  1-0977 . 
1*1511  :  1,  Miller.     Cleavage :  i-5  imperfect,  irl  and  i-l  in 
traces. 

H.= 8*5-4.  Q.=3*l-3*3.  Lustre  vitreous — subadaman- 
tine  and  subresinous.  Color  pale  leek-green  or  liver-brown. 
Streak  white.  Subtransparent — translucent.  Fracture 
uneven, 

Oomp.—FeA8a08+4aq= Arsenic  pentoxide  49*8,  iron  sesquioxide 
84-6,  water  15-6=100. 

Pyr.,  eto. — In  the  closed  tube  yields  neutral  water  and  turns  yeUow. 
B.B  fuses  easily,  coloring  the  name. blue.  B.B.  on  charcoal  givea 
arsenical  fumes,  and  with  soda  a  black  magnetic  sooria.  With  the  fluzM 
reacts  for  iron.     Soluble  in  hydrochlorio  acid. 
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Obs. — Fonnd  at  Sohwarzenberg  in  Saxonj ;  at  Nertschineik,  Siberia ;  Dembach  in  Kaann ; 
in  the  Gonush  mines ;  at  the  Minas  Oeraes,  in  Brazil ;  in  Popayan ;  at  the  gold  mines  of  Yio* 
toria  in  Am  tralia.  Occnrs  in  minute  crystals  and  druses,  near  Edenville,  N.  Y. ;  in  CabamM 
Co.,  N.  C. 

WAVELUTB. 

Orthorhombic.    /A  /=  126°  25',  <?  A 14  =  143°  23' ;  (5 :  2  :  rf  =  0-7431 

:  1*4943  :  1.     Cleavage :  /  ratlier  perfect ;  also  brachydia- 

Sonal.     Usually  in  hemispherical  or  globular  concretionsi 
aving  a  radiated  structure. 

H.= 3-25-4.  G.= 2-316-2-337.  Lustre  vitreous,  iuclin- 
ing  to  pearly  and  resinous.  Color  white,  passing  into  yel- 
low, green,  gray,  brown,  and  black.  Streak  white.  Trans- 
lucent 
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Oomp.— Alsp40i9,12aq=:2MP908 + HeA10e+9aq=r  Phosphorus  pentox- 
ide8516,alumina38'10,  water 26*74=100;  1  to  2  p.  a  fluorine  is  often 
present,  replacing  the  oxygen. 

Pyr.,  etc. — In  the  closed  tube  g^ves  off  much  water,  the  last  portions 
of  which  react  acid  and  color  Brazil-wood  paper  yellow  (fluorine),  and 
abo  etch  the  tube.  B  B.  in  the  forceps  swells  up  and  splits  frequently  into  fine  aciculax 
particles,  which  are  infusible,  but  color  the  flame  pale  green ;  moistened  with  sulphuric  acid 
the  green  beoomes  more  intense.  Gives  a  blue  with  cobalt  solution.  Some  varieties  react 
for  iron  and  manganese  with  the  fluxes.  Heated  with  sulphuric  acid  gives  off  fumes  of  flno- 
hydrio  acid,  which  etch  glass.    Soluble  in  hydrochloric  acid,  and  also  in  caustic  potash. 

I>ifi'. — Distinguished  from  the  zeolites  and  from  g^bbsite  by  its  giving  a  phosphorus  reac- 
tion; it  dissolves  in  acid  mthout  gelatiulzation. 

Obs. — Found  near  Barnstaple,  Devonshire ;  at  Clonmel  and  Cork,  Ireland ;  in  the  Shiant 
Isles  of  Scotland ;  at  Zbirow  in  Bohemia ;  Zajecov  in  Bohemia ;  at  Frankenberg  and  Langen- 
striegis,  Saxony ;  Diensberg,  near  Giessen,  Hesse  Darmstadt ;  in  a  manganese  mine  in  Wein- 
bach,  near  Weilburg,  in  Nassau  ;  at  Villa  Rica,  Minas  Geraes,  Brazil.  In  the  United  States. 
at  the  slate  quarries  of  York  Co.,  Pa.;  at  Washington  mine,  Davidson  Co.,  N  C;  at  White 
Horse  Statioi),  Chester  Co. ,  Pa  ;  Magnet  Cove,  Ark. 

Zepiiaroviciiite. — Near  wavellite.  Composition  rArlPgOs  +  6aq  (or  6aq,  Ramm,).  Compact. 
Color  greenish  to  grayish.     Occurs  in  sandstone  at  Treuic,  Bohemia. 

CcBRULEOLACTiTE. — Ciypto-crystalline.  Color  milk-white  to  light  blue.  Composition 
(Petersen)  iVrlsPtOis-f  lOaq.  Katzenellnbogen.  Nassau.  Also  Chester  Co.,  Penn,  (Genth^ 
who  regards  the  copper,  4  p.  c,  as  belonging  to  the  mineral.) 


PHAHMAOOSPPBRITE.    Wflrfelerz,  Oerm, 

Isometric ;  tetrahedral.  Crystals  modified  cubes  and  tetmhedrons. 
Cleavage:  cubic,  imperfect.  O  sometimes  striated  parallel  to  its  edge  of 
intereection  with  plane  1 ;  planes  often  curved.     Rarely  granular. 

H.=2-5.  G.=2-9-3.  Lustre  adamantine  to  greasy,  not  very  distinct 
Color  olive-green,  passing  into  yellowish-brown,  bordering  sometimes  upon 
hyacinth-red  and  blackish -brown  ;  also  passing  into  grass-green,  emerald- 
green,  and  honey -yellow.  Streak  green — brown,  yellow,  pale.  Subtrana- 
parent — subtranslucent.    Rather  sectile.     Pyrf>electric. 

Oomp.— Fe4As«OaT,15aq=:dFeAs308+HeFeOo  -I-  12HaO=Arsenic  pentoxide  4313,  iron 
■BBquiozide  40*00,  water  16*87=100. 

Pyr.,  etc. — Same  as  for  scorodite. 

Ob«^ -Formerly  obtained  at  the  mines  of  Wheal  Gorland,  Wheal  Unity,  and  Carharrack, 
in  Cornwall ;  now  fonnd  at  Burdle  Gill  in  Cumberland ;  in  minute  tetrahedral  ciystals  a1 
Wheal  Jane ;  also  in  Australia ;  at  St.  Leonard  in  J  ranee  and  at  S^aneeberg  and  Schwar- 
lenbnig  in  Sazouy. 


0XT6EN  CX>MFOTTKDB. — ^PHOSPHATES,   ABSBNATES,  BTO. 
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'  Named  from  ^^dp/ttutw^  poiKn  (in  alliuioii  to  the  anenio  preaaDt),  and  ^9ir/>ov,  inni,  WUrfA^ 
in^  of  the  Germans,  means  eubi-cre. 

Rhaoitb  (IF<M6aoA).— GompoBition  BiioAB40ift+9aq=2BiA804+8HsBiOs=AiBenio  pent- 
oxide  15*6,  bismuth  oxide  78'9,  water  5*5=100.  Spherioal  cxystalline  aggregates.  Golof 
bright  green.     Schneebeig,  Saxony. 

Plumbooummitk. — Composition  nnoertaln.  Contains  essentially  alumina,  lead,  water, 
and  phosphoros  pentoxide.    Hnelgoet ;  Cumberland ;  Mine  ia  Motte,  Mo. 


cm  LPRPWITB.* 


Orthorhorabic.     7  A  /=  111*'  54',  (9  A  1-i  =  136^  26' ;  (5 :  3  :  4  =  0-9519 
1*4798  :  1.    Plane  O  sometimes  wanting,  and  the  form  a  double  six- 
sided  pyramid,  made  ap  of  the  planes  1, 2-21,  with  i-i  small.     Cleavage :  i-i, 
impenect 
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H.=4*5-6.  G.— 3'18-3'24.  Lustre  vitreous,  inclining  to  resinous. 
Color  yellowish-white  and  pale  yellowish-brown,  also  brownish-black. 
Streak  white,  yellowish.     Translucent.     Fracture  uneven. 

Oomp. — Formula  somewhat  nnoertain.  Analysis:  Bammelsberg,  PaOs  28 '93,  AID,  14 '44, 
PeO  30-68,  MnO  907,  MgO  014,  HjO  16-98=100-28. 

Pyr.,  etc. — In  the  dosed  tube  gives  off  neutral  water.  B.  B.  sweUs  up  into  ramifications, 
and  fuses  on  the  edg^  to  a  black  mass,  coloring  the  flame  pale  green.  Heated  on  charcoal 
turns  black  and  becomes  magnetic.  With  soda  g^yes  a  reaction  for  mangfanese.  With  borax 
and  salt  of  phosphorus  reacts  for  iron  and  manganese.    Soluble  in  hydrochloric  acid. 

Obs.— Occurs  near  Tavistock ;  also  at  Wh^  Orebor,  in  Devonshire ;  on  sla^  at  Crinnii 
mine  in  ComwalL    Hebron,  Me.  (f.  688.). 


TORQUOIS.    Callaite.    EaUait,  Kalait,  Germ. 

Reniform,  stalactitic  or  incrneting.     Cleavage  none. 

H.=6.  (jr.=2-6-2'83.  Lustre  somewhat  waxy,  feeble.  Color  sky-blue, 
bluish-green  to  apple-green.  Streak  white  or  greenish.  Feebly  subtituis- 
lucent — opaque.     Fractui*e  small  conchoidal. 

Oomp.>- Hydrous  aluminum  phosphate,  perhaps  T^laPaOn+Saq^Phosphorns  pentoxide 
8d-6,  alumina  46*9,  water  20*5=100 

Pyr.^  etc. — In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  or  biack.  B.B. 
in  the  forceps  becomes  brown  and  assumes  a  glassy  appearance,  but  does  not  fuse ;  colors 
the  flame  green ;  moistened  with  hydrochloric  add  tne  color  is  at  first  blue  (copper  chloride). 
With  the  sodium  test  gives  phosphuretted  hvdrogen.  With  borax  and  salt  of  pboflphorus  gives 
beads  in  0.  F.  which  are  yellowish  green  while  hot,  and  pure  green  on  cooling.  With  sidt  of 
phosphorus  and  tin  on  charcoal  gives  an  opaque  red  bead  (copper).  Soluble  in  hydrochloric 
acid. 

Obs.—  Occurs  in  clay  slate  in  a  mountainous  district  in  Persia,  not  far  from  Nichabour. 
According  to  Agaphi,  the  only  naturalist  who  has  visited  the  locality,  turquois  occurs  only  in 
veins,  which  traverse  the  mountain  in  aU  directions.     An  impure  variety  is  found  in  Silefda, 
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and  at  Oelsnitz  in  Saxony.  W.  P.  Blake  refers  here  to  a  hard  jello-jviah-  to  blaifih-gfreen  stent 
(which  he  identifies  with  the  ehaiehihuitl  of  the  MeoBicans)  from  the  uoontains  Los  Cerillos, 
20  m.  S.  E.  of  Santa  F6.     A  pale  green  tnrqnois  occurs  in  the  Columbus  district,  Nevada. 

Turqnois  receives  a  good  polish,  and  is  highly  esteemed  as  a  gem.  The  Persian  king  is 
said  to  retain  for  his  own  use  all  the  larger  and  finely  tint-ed  specimens. 

Peganitb. — Composition  2^:ljP30ii't-6aq=Ph08phoras  pentozide  81  1,  alumina  81*1, 
water  23 7=  100.     Striegis,  Saxony. 

DuFRBNiTE. — Composition  FeaP,0u+8aq  (FePsOii+HeFeOe)=Pho8phoruB  pentoxida 
27*5,  iron  sesquioxide  62*0,  water  10*5=100.  Anglar,  Dept.  of  Haute  Yienne;  Hlrschberg, 
Westphalia ;  Allentown,  N.  J.    In  depoaits  of  nodules  1  to  6  in.  thick,  in  Rockbridge  Co.,  Va 

Ahdbbwsitb. — In  globular  forms,  having  a  radiated  structure.  H.=4.  G.  =8*475. 
Color  dark  green.  Analysis,  Flight,  PaO.  26-09,  FeO,  44-64,  MOs  0-02,  CnO  1086,  FeO  7*11, 
MnO  0-60,  CaO  0*09,  SiOt  0'48,  HaO  8-79=99-50.  In  a  tin  lode,  West  Phenix  mine,  near 
Liskeard,  Cornwall. 

CHALCOsroERiTE. — In  bright  gfreen  crystals  (triclinic)  on  Andrewsite  (see  above).  H.= 
4-5.  G.=8108.  Analysis,  Flight,  PsOo  2993,  As^O.  0*61,  FeO,  42  81,  AlO,  445,  CuO  814, 
H.,0  15*00,  UOatr. =100*94.    Also  as  a  coating  on  dufrenite.     Cornwall.     Sayn,  Westphalia. 

Henwoodite.— In  globular  forms,  with  a  radiated  structure.  H.  =4-4-5.  G.=2-67. 
Color  turquois-blue  to  bluish-green.  B.B.  Infusible.  Analysis,  PaOs  48-94,  sVlOa  18*24. 
FeO«  2-74,  CuO  7  10,  CaO  0  54,  HaO  1710,  SiOa  1-87,  loss  3*97=100.  Occurs  on  limonite  at 
the  West  Phenix  mine,  Cornwall  (CoQins^  Min.  Mag.,  1,  p.  11). 

Caooxenite.— Supposed  to  be  an  iron  wavellite.  Composition  FeaPaOn+l^aq.  In  ra- 
diated tufts.     Color  yellow.     Hrbeck  mine.  Bohemia. 

AB8BNI08IDBRITE.— Analysis  by  Church,  AsaOe  89*86,  FeOs  85-75,  CaO  15-58,  MgO  018 
KaO  0-47,  H.,0  7-87=99  66.  Formula  (Bamm.)  2CatAsaO«+FeA8aOB  +  3HaFe06.  Bo^ 
man^che. 

ATBLB0TITB. — ^Essentially  a  bismuth  arsenate.     In  minute  yellow  crystals  at  Sohneeberg. 


TORBBRNITB.    Chalcolite.    Eupfer-TJranit,  Qerm. 

Tetragonal.     <?  A  1-t  =  134°  8' ;  c  =  1*03069.    Forms  square  tables,  with 

often  replaced  edges ;  rarely  suboctahedral.  Cleav- 
^89  age :  basal  highly  perfect,  micaceous.     Unknown 

massive  or  earthy. 

H.=:2-2-5.     G.=8-4-8-6.     Lustre  of  6>  pearly,  of 
other  faces  subadamantine.      Color  emerald-  and 

frass-green,  and  sometimes  leek-,  apple-,  and  sis- 
in-green.     Streak  somewhat  paler  than  the  color. 

Transparent— subtranslncent.  Fracture  not  ob- 
servable.' Sectile.  Lamina)  brittle  and  not  flexible.  Optically  uniaxial ; 
double  refraction  negative. 

Oomp.— Q.  ratio  f or  R  :  U  :  P  :  0=1  :  6  :  6  :  8 ;  formula  CuUaPa0,i  +  8aq=2(tr08)ip40i 
+CusPtiO0+24aq.  The  formula  requires:  Phosphorus  pentoxide  15*1,  uranium  trioiide 
61 'd,  copper  oxide  8*4,  water  153=100. 

Pyr.,  etc. — In  the  (dosed  tube  yields  water.  In  the  foroeps  fuses  at  2*5  to  a  blackish  mass, 
and  colors  the  dame  green.  With  salt  of  phosphorus  giyes  a  green  bead,  which  with  tin  on 
charcoal  becomes  on  cooling  opaque  red  (copper).  With  soda  on  charcoal  gives  a  globule  of 
copper.     Affords  a  phosphide  with  the  sodium  test     Soluble  in  nitric  acid. 

Obs. — ^Ounnis  Lake,  Tincrof  t  and  Wheal  Buller,  near  Redruth,  and  elsewhere  in  Cornwall. 
Found  also  at  Johanngeorgenstadt»  Eibenstock,  and  Sohneeberg,  in  Saxony ;  in  Bohemia,  at 
Jcachimsthal  and  Zinnwald ;  in  Belgium,  at  Vielsalm. 

Both  this  species  and  the  autunite  have  gone  under  the  common  name  of  uratUte  ;  tht 
formsr  also  as  Oo^pj^-uramU^  the  latter  Limt-uraniU^ 
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AUTUNITIL*  Uranit;  Kalk-Uxaziglimmer,  Kalk-Uranit,  Oerm, 

Orthorhombic ;  but  form  very  nearly  sauare,  and  crystals  resembling 
closely  those  of  torbemite.     Cieava^ :  basal  eminent,  as  in  torbemite. 

H,=2-2-5.  G.=3'05-3-19.  Lustre  of  6^  pearly ;  elsewhere  snbadaman- 
tine.  Color  citron-  to  sulphur-yellow.  Streak  yellowish.  Translucent 
Optically  biaxial,  DesOl. 

Ooinp.— Q.  ratio  for  B  :  IT :  P  :  H=l :  6  :  5  :  10.  Formida  GaUaPaOis  +  lOaq,  which  may 
be  written  2(UOs)iPaOs+CasP«O8+30aq.  The  formula  requiies :  Phoephonu  pentozide  14*9, 
araniam  trioxide  (XTOt)  60*4,  Ume  5*9,  water  18*8=100. 

Pyr.,  etc. — Same  as  for  torbemite,  but  no  reaction  for  copper. 

Oba.~Ooonr8  at  Johanngeorgenatadt ;  at  Lake  Onega,  Wolf  Island,  Bossia;  near  Limoges; 
near  Anton ;  formerly  at  Sonth  Basset,  Wheal  Edwards,  and  near  Bt.  Day,  England.  Owan 
sparingly  at  Middletown,  Gt. ;  also  in  minute  crystals  at  Chesterfield,  Mass. ;  at  Aoworth, 
N.  H. 

TbOgbbitr.  — Composition  UiAssOm  -k  12aq= (XJOa))As908  +  12aq.  This  requires :  Arsenio 
pentozide  17*6,  uranium  triozide  65*9,  water  16-5=100.  Monodmia  In  thin  tabular  czys- 
tals  of  a  lemon-yeUow  color.     Schneeberg,  Saxony. 

Waij>UR6ITB.— Composition  BiioXJsAs«Os4+12aq=:(nOi)iAs306+2BiAs04+8HsfiiOa.  This 
requires :  Arsenic  pentozide  11  '9,  bismuth  ozide  600,  uranium  triozide  22*4,  water5  7=100. 
Monoollnia    In  thin  scaly  crystals.    Color  waz-yeUow.    Sohneeberg,  Sazony. 

URANOflPiNrrB. — An  arsenic  autunite.  Composition  CaU3A8iOit*f  8aq=2(UOi)|AsaO«  + 
CasAsaO•+24aq=Ar8enic  pentozide  22*9,  uranium  triozide  57*2,  lime  5 '6,  water  14*8=100. 
Color  green.  Sohneeberg,  Sazony.  IJRAiToaFHiCBiTB.  Color  yeUow.  Analysis,  Winkler : 
U  Oi  50-88,  BiaOt  44*34,  HaO  4*75.     Schneebeig. 

Zeunbrite. — According  to  Winkler,  an  arsenic  chalcolite,  with  which  it  is  iBomorphous. 
Composition  .  CuU9AsaOia+8aq=2(UO9)sAs:tO0+CuaAstO6+24aq=Ar8enic  pentozide  22*3, 
uranium  triozide  56*0,  copper  ozide  7*7,  water  14*0=100.  Color  bright  green.  Sohneeberg, 
2innwald,  Sazony;  Cornwall. 

PrmorrB. — Iron-sinter.  ComiK>sition  uncertain,  contains  AsaO*,  FeOa,  SOsi  HaO.  DiA- 
boOHlTB  is  similar,  but  contains  PaO^  instead  of  AsaO». 


Htdboub   Aktimonates. 


Bnn>HBiinTE  (Bleini&re). — Amorphous,  reniform,  or  spheroidal ;  ahK)  earthy  or  inorustlng. 
H.=4.  G.  =4 '00-4*76.  Color  white,  gray,  brownish,  yeUowish.  Composition  uncertain; 
analysis  by  Hermann  :  Sb^Os  81*71,  YW  61*88,  HaO  6*46=100.  Results  from  the  decompo- 
sition of  other  antimonial  orea.  iSrom  Nertschindc  in  Siberia ;  Horhausen ;  near  Bndellion 
in  Cornwall,  with  jamesonite,  from  which  it  is  derived. 


NrTRAIVS. 

The  nitrates  are  all  soluble,  and  hence  afe  rarely  met  with  in  iiAttlfe.    They  ita  Itlde .' 

NlTRB,  potassium  nitrate  (KXOa).  Found  ^neraUy  in  crusts  on  the  surfaoe  of  the  soil,  oil 
walk,  rocks,  etc.     Also  found  in  numerous  caves  in  the  Mississippi  Valley. 

Soda  Nithb,  sodium  nitrate  (KaNOa).    Tarapaca,  Chili. 

NrrBocALClTB.  calcium  nitrate  (CaKaO«).  Occurs  in  silky  efflorescences  in  limestdiit 
ttavems. 

NrrBOMAGiCEflrrifi,  magnesium  nitrate  (MgNaOo)*  ^rom  limestone  cavea  Kitbo* 
aLAUBBBTi  E,  nitre -sulphate  of  sodium.    Desert  of  Atacama,  Chili 
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1  BORATES. 


SASSOUTB. 

Triclinic  IhT-  118°  30',  O A /=  95°  3',  OaP^  80°  <xa' .  b  &  M 
Twins:  composition-face  0.  Cleavage:  basal  very  perfect,  l^boikily  in 
small  scales,  apparently  six-sided  tables,  and  also  in  stalactiti'S  forms,  com- 
posed of  small  scales. 

H.=l.  G.=l'4:8.  Lustre  pearly.  Color  white,  except  when  tinged 
yellow  by  snlphur;  sometimes  gray.  Feel  smooth  and  unctuous.  Taste 
acidulous,  and  slightly  saline  and  bitter. 

Oomp.~HeBaOe=Boion  trioxide  (BaC)  66*46,  water  48*54=100.  The  OatiYe  stalacfcitio 
salt  coataiuB,  mechanioally  mixedf  Torioas  imparities,  as  sulphate  of  magoesiuin  and  iion, 
sulphate  of  oaldum,  silica,  eta 

P3rr.,  etc. — In  the  closed  tube  gfives  water.  B.  B.  on  platinum  wire  fuses  to  a  clear  glass 
and  tinges  the  flame  yellowish-gfreen.     Soluble  in  water  and  alcohol. 

Obs. — First  detected  in  nature  by  Hofer  in  the  waters  of  the  Tuscan  lagoons  of  Monte 
Botondo  and  Castelnuovo,  and  afterward  in  the  solid  state  at  Sasso  by  Mascagni.  The  hot 
vapors  of  the  lagoons  consist  largely  of  it.  Exists  also  in  other  natural  waters,  as  at  Wies- 
baden; Aachen;  Krankenheil  near  Fols ;  Clear  Lake  in  Lake  Co.,  California;  and  it  has 
been  detected  in  the  waters  of  the  ocean.  Occurs  also  abundantly  in  the  crater  of  Volcano, 
one  of  the  Lipari  islands,  forming  a  layer  on  sulphur  and  about  the  fumaroles,  where  it 
diaooTered  by  Dr.  HoUand  in  1813. 


6ITS8BXITB  (Blfmhy 


In  fibrons  seams  or  veins. 

H.=:8.    G.=3*42.     Lustre  silky  to  pearly.    Color  white,  with  a  tinge  of 
pink  or  yellow.     Translucent. 

Oomp. — RaB'^Ob+aq,  with  B=Mn  :  Mg=:4  :  8= Boron  trioxide  84*8,  manganese  protoxide 
)9*9,  magnesia  16*9,  water  8*0=:100. 

Pyr.,  eto. — In  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmeric  paper 
Ji  moistened  with  this  water  and  then  with  dilute  hydrochloric  acid  it  assumes  a  red  color 
(boron).  Fuses  in  the  flame  of  a  candle,  and  B.B.  in  O.F.  yields  a  black  crystalline  mass 
coloring  the  flame  intensely  yellowish-green.  Beacts  for  mangtuiese  with  the  fluxes.  Soluble 
in  hydrochloric  acid. 

Obs. — Found  on  Mine  HiU,  Franklin  Furnace.  Sussex  Co.,  N.  J.;  associated  with  franklin- 
Ite.  sindte,  willemite,  and  other  manganese  luui  sine  minerals. 

SZAiBELTrrs.— A  hydrous  magnesium  borate,  MgBB40i  i  +daq  (or  Jaq).  Ocours  In  acicalat 
crystals.     Color  white.     Hungary. 

LuDWiGiTB  (TMiertnak).—Tinely  fibrous  mnsses.    H.  =6.    O.  =r3'907-4  016.    Color  black 
ish*green  to  black.     Composition  R4FeB90io,  with  B=Fe  :  Mg=l  :  6,  or  1  :  8.     For  the 
latter  the  formula  requixee  :  Boron  trioxide  16  6,  iron  sesquioxide  87*9,  iron  protoxide  17*1, 
magnesia  28  4.    Occui*3  in  a  crystalline  limestone  with  magnetite  at  Morawicza  in  the  Banat. 
also  altered  to  limonite. 
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f^=^ 


Isometric;  tetrahedral.  Cleavage:  octahedral,  in  traces.  Cubic  facee 
iiometimes  striated  parallel  to  alternate  pail's  of  edges,  as  in  pyrite. 

H.=7,  in  crystals;  4-6,  massive.  (t.= 2*974,  Haidinger.  Lustre  vitro- 
ous,  inclining  to  adamantine.  Color  white,  inclining 
to  gray,  yeflow,  and  green.  Streak  white.  Sub- 
transparent — translucent.  Fracture  conchoidal,  un- 
even. Pyroelectric,  and  polar  along  the  four  octa- 
hedral axes. 

o 

Compr— Hg7Bi«OUOto  =  2MgaB«Oie+Mg01s  =  Boron   trioxide 
e2-57,  magnesia  31 '28,  chlorine  7-98=l0l-78. 

Pyr.,  etc. — TJie  massiye  variely  gires  water  in  the  dosed  tube. 
B.B.  both  yarieties  fose  at  2  with  intumeecence  to  a  white  orys- 
tfljline  pearl,  coloring  the  flame  green ;  heated  after  moistening 
with  cobalt  eolation  assames  a  deep  pink  color.  Mixed  with  copper  oxide  and  heated  on  char- 
coal colors  the  flame  deep  azure-blue  (copper  chloride).  Soluble  in  hydrochloric  acid.  Altera 
▼ery  slowly  on  exposure,  owing  to  the  magnesium  chloride  present,  which  takes  up  water. 

Obs. — Observed  in  beds  of  ahhydrite,  gypsam,  or  salt.  In  czystaLs  at  Kalkberg  and  Schild- 
itein  in  LUneberg,  Hanover ;  at  Segeberg,  near  Kiel,  in  Holstein  ;  at  Luneville,  La  Meurthe, 
Fraaoe  ;  massive  and  ciystallized  at  Stassfurt,  Prussia. 


BORAX.    Tinkal  of  India, 

Monoclinic.  C  =  78°  25',  Ihl=d>r,  Oa  24  ==  132°  49' ;  c  :  i  :  a  = 
04906  :  0*9095  : 1.     Cleavage :  i-i  perfect ;  /  less  so ;  i-l  in  traces. 

H.=2-2-5.  G.=l*716.  Xustre  vitreous — resinous;  sometimes  earthy. 
Color  white;  sometimes  grayisli,  bluish,  or  greenish.  Streak  white. 
Translucent — opaque.  Fracture  conchoidal.  Kather  brittle.  Taste  sweet- 
ish-alkaline, feeble. 

Oomp.— NaaB4Of+10aq=2(NaBO,+HBO3)+9aq=Boron  trioxide  86*6,  soda  16*2,  water 
47-8 

P3rr*,  eto. — B.B.  puffs  up,  and  afterwards  fuses  to  a  transparent  globule,  oaUed  the  glass  of 
borax.  Soluble  in  water,  yielding  a  faintly  alkaline  solution.  BoiUng  water  dissolves  double 
its  weight  of  this  salt. 

Obs. — Borax  was  originaUy  brought  from  a  salt  lake  in  Thibet.  It  is  announced  by  Dr.  J. 
A.  Veatch  as  existing  in  the  waters  of  the  sea  along  the  California  coast,  and  in  those  of 
many  of  the  mineral  springs  of  California.  Oocurs  in  the  mud  of  Borax  Lake,  near  Clear 
Lake,  CaL  Also  found  in  Peru ;  at  Halberstadt  in  Transylvania ;  in  Ceylon.  It  occurs  in 
solution  in  the  mineral  springs  of  Chambly,  St  Ours,  etc.  .Canada  East.  The  waters  of  Borax 
Lake,  California,  oontain,  according  to  G.  B.  Hoore,  685 '08  grains  of  ciystallized  borax  to  the 
giUlon. 

UIiBZITB.    Boronatrocalcite.    Natronborocalcite. 

In  ]x>unded  masses,  loose  in  texture,  consisting  of  fine  fibi*e8,  which  are 
acicular  or  capillary  crystals. 

H.=l.  Q.=1'66,  N.  Scotia,  How,  Lustre  silky  within.  Color  wliitOi 
Tasteless. 

Oomp.— NaCaBftO»+5aq=Boron  trioxide  497,  lime  16  0,  soda  8*8,  water  26  0=100. 
Pyr.,  etc. — ^Yields  water.     B.B.  fuses  at  1  with  in  tumescence  to  a  dear  blebby  glass,  ockff 
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m^  the  flame  deep  yellow.  Moistened  with  sulphuric  aoid  the  color  of  the  flun  e  is  moment* 
nrily  changed  to  deep  green.  Not  soluble  in  cold  water,  and  bat  little  so  in  hot ;  the  soliitiai 
alkaline  in  its  reactions. 

Obs.— Occurs  in  the  dry  plains  of  Iquique,  Southern  Peru :  in  the  prorince  of  Tarapac« 
(where  it  is  called  ttea)^  In  whitish  rounded  masses,  from  a  hazelnut  to  a  potato  in  size,  which 
consist  of  interwoven  fibres  of  the  ulexite,  with  pidceringite,  glauberite,  halite,  gypsum,  and 
other  imparities ;  on  the  West  Africa  coast ;  in  Nova  Scotia,  at  Windsor,  Brookville,  and 
Newport  (H.  How),  fillhig  narrow  cavities,  or  constituting  distinct  uodules  or  mammillated 
masses  imbedded  in  white  gypsum,  and  associated  at  Windsor  with  glauber  salt,  the  lustre 
internally  silky  and  the  color  very  white  ;  in  Nevada,  in  the  salt  marsh  of  the  GolumboB 
Mining  District,  forming  layers  2-5  in.  thick  alternating  with  layers  of  salt,  and  in  balls  3-4 
in.  through  in  the  salt. 

BBCniLiTB.  (Borocalcite). — An  incrustation  at  the  Tuscany  lagoons.  Composition  GaB40i 
+ 4aq.  Also  similar  from  South  America.  L.\rdebbllite,  Lagonite,  rare  borates  from  the 
Tuscan  lagoons. 

PRICBITB  (^^Z{»77ia/i). — Compact,  chalky.  Color  milk-white.  Composition  CasBgOift  +  Saq. 
This  requires :  Boron  triozide  40  '8,  lime  29  '9,  water  20  '3 = 100.  Occurs  in  layers  between  a  bed 
of  slate  above  and  one  of  steatite  below.  Near  Chetko,  Curry  Co.,  Oregon. 
.  HowLiTB,  Smeobarocaldte, — A  hydrous  calcium  borate  (like  bechilite),  with  one-sixth  of 
a  silicate  analogous  to  danburite.  Near  Brookville,  and  elsewhere  in  Hants  Co.,  Nova  Scotia, 
in  nodules  imbedded  in  anhydrite  or  gypsum  ;  these  nodules  sometimes  made  up  of  pearly 
crystalline  scales.  Winkworthitb.  In  imbedded  cryshalline  nodules  from  Winkwortb,  N.  8. 
In  composition  between  selenite  and  howlite;  a  mizturt'  (?). 

CRYrroMORPHiTB. — Near  ulexite  in  composition.  In  microscopic  rhombic  tables.  Nova 
Scotia. 

LOneburgitb. — ^A  phospho-borate  of  magnesium.  Flattened  masses  in  gypsiferons  jnail 
at  LOneburg. 


WARWlOKim. 

Mouoclinic.  /A/=91*'  20',  DesCl.  Usual  in  rhombic  prisms  with 
obtuse  edges  truncated,  and  the  acute  bevelled,  summits  generally  rounded ; 
surfaces  of  larger  crystals  not  polished.  Cleavage :  macrodiaffonal  per- 
fect, affording  a  surface  with  vertical  striea  and  ti*aces  of  obiique  croes 
cleavage. 

H.=3-4.  Q.=3*19-8-43.  Lustre  of  cleavage  surface  submetallic-pearly 
to  subvitreous ;  often  nearly  dull.  Color  dart:  hair-brown  to  dull  black, 
sometimes  a  copper-red  tinge  on  cleavage  surface.  Streak  bluish-black. 
Fracture  uneven.     Brittle. 

Oomp. — Essentially  a  borotitanate  of  magnesium  and  iron.  Analysis,  Smith,  Bsd  27*80, 
TiO,  23-82,  FeO,  7  02,  MgO  86-80,  SiO,  100,  AlO.  2  21=98  65. 

Pyr.,  etc. — ^Yields  water.  B.B.  infusible,  but  beoomes  lighter  in  water ;  moistened  with 
sulphuric  acid  gives  a  pale  green  color  to  the  flame.  With  salt  of  phosphorus  in  O.  F.  a  deal 
beiul,  yellow  while  hot  and  colorless  on  cooling;  in  B.F.  on  charcoal  with  tin  a  violet  color 
(titanium).  With  soda  a  slight  manganese  reaction.  Decomposed  by  eulphurio  add  ;  the 
product,  treated  with  alcohol  and  ignited,  gives  a  green  flame,  and  boiled  with  hydrochloric 
add  and  metallic  tin  gives  on  evaporation  a  violet-colored  solution. 

Obs. — Occurs  in  granular  limestone  2^  m.  S.  W.  of  Edenville,  N.  Y.,  with  spind,  ohondro* 
dite,  serpentine,  etc.  Crystals  usually  small  and  slender;  sometimes  over  2  in.  long  a>id  |  is. 
broAd. 


azTOSN  ooMFOxnsma — tukostatbs,  molybdatbs,  bto. 
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6.  TUNGSTATES.   MOLTBDATES,.  CHEOMATES. 


WOLFRABAITB. 


Monoclinic.  O  =  89°  22',  7a  /=  100°  37',  i-i  A-i-i  =  118°  6',  i^iA+iri 
=  117°  6',  l4Al.i  =  98°  6',  DesOloizeaux.  Cleavac^e:  i-i  perfect,  U 
imperfect.  Twins:  planes  of  twinning  i-i  (f.  692),  -ft,  and  rarely  i4. 
Also  irregular  lamellar;  coarse  divergent  columnar;  massive  granular,  tho 
particles  strongly  coherent. 
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H.=5-5*5.  G.=T'l-7'55.  Lustre  siibmetallic.  Color  dark  grayish  or 
brownish-black.  Streak  dark  reddish-brown  to  black.  Opaque.  Sometimes 
weak  magnetic. 

Var. — The  moet  important  Tarietiefi  depeud  on  the  proportions  of  the  iron  and  manganese. 
Those  rich  in  manganese  have  G.=7'10-7  54f  but  generally  below  7*25,  and  the  streak  ia 
mostly  black.  Those  rich  in  iron  have  G.=7'2-7'54,  and  a  dark  reddish-brown  streak,  and 
they  are  sometimes  feebly  attractable  by  the  magnet. 

Oomp.— (Fe,Mn)WO„  Fe  :  Mn=3  :  8,  mostly;  also  4  :  1  and  2  :  1,  3  :  1,  5  :  1,  etc.  The 
ratio  2  :  8  corresponds  to :  Tungsten  triozide  76'47,  iron  protoxide  9 '49,  manganese  protoxide 
14-04=100. 

Pyr.,  etc. — B.B.  fuses  easUy  (F. =2*5-3)  to  a  globule,  which  has  a  crystalline  surface  and 
Lb  magnetic.  With  salt  of  phosphoras  g^ves  a  clear  reddish-yellow  glass  while  hot,  which  is 
paler  on  cooling;  in  B.F.  becomes  dark  red ;  on  charcoal  with  tin,  if  not  too  saturated,  the 
bead  assumes  on  cooling  a  green  color,  which  continued  treatment  in  B.F.  changes  to  reddish 
yellow.  With  soda  and  nitre  on  platinam  foil  fuses  to  a  bluish-green  manganate.  Decom- 
posed by  aqua  regia  with  separation  of  tungsten  trioxide  as  a  yellow  powder,  which  when 
treated  fi.B.  reacts  as  under  tungstite  (p.  284).  Wolfram  is  sufficiently  decomposed  by  con- 
centrated sulphuric  acid,  or  even  hydrochloric  acid,  to  give  a  colorless  solution,  which, 
treated  ¥rith  metallic  zinc,  becomes  intensely  blue,  but  soon  bleaches  on  dilution. 

DiflF. — Characterized  by  its  high  specific  gravity  and  pyrognostics. 

Obs. — Wolfram  is  often  associated  with  tin  ores ;  also  in  quartz,  with  native  bismuth, 
scheelite,  pyrite,  galenite,  blende,  etc. ;  and  in  trachyte,  as  at  PelsObanya,  in  Hungary.  It 
occurs  at  Schlackenwald  ;  Schneeberg  ;  Freiberg  ;  Ehrenfriedersdorf ;  Zinnwald,  and  Nert- 
schinsk  ;  at  Chanteloup,  near  Limoges,  and  at  Meymac,  Correze,  in  France  ;  near  Redruth 
and  elsewhere  in  Cornwall ;  in  Cumberland.    Also  in  S.  America,  at  Oruro  in  Bolivia. 

In  the  U.  States,  occurs  at  Lane's  mine,  Monroe,  Conn. ;  at  Trumbull,  Conn. ;  on  Camdage 
farm,  near  Blue  Hill  Ba)[,  Me.;  at  the  Flowe  mine,  Mecklenburg  Co.,  N.  C;  in  Missouri, 
near  Mine  la  Motte,  and  in  St.  Francis  Co. ;  at  Mammoth  mining  district,  Nevada. 

HiJBNERiTE.* — A  manganese  wolframite,  MnW04  =  Tungsten  triozide  76  9,  manganese 
protoxide  23*1  =  100.     Mammoth  dist.,  Nevada. 

Meoabasite. — A  manganese  tungstate,  with  a  little  iron.    Schlackenwald. 
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Tetragonal ;  hemihedral.     O  A  \4  =  123''  3' ;  <5  =  1-5369.    Cleavage :  1 

most  distinct,  1-i  interrupted,  O  traces.  Twins: 
twinning-plane  /;  also  i-L  Crystals  usually  octahe- 
dral in  form.  Also  reniform  with  columnar  struc- 
ture ;  and  massive  granular. 

H.=:4"5-5.  G.= 5 •9-6-076.  Lusti-e  vitreous,  in- 
clining to  adamantine.  Color  white,  yellowish-white, 
pale  yellow,  brownish,  greenish,  reddish ;  sometimes 
almost  orange-yellow.  Streak  white.  Transparent 
— translucent.     Fracture  uneven.     Brittle. 


SchlaokeuwalcL 


Oomp.—0aW04= Tungsten  trioxide  SO'G,  lime  19-4=100.  A 
variety  from  Goquimbo,  ChUi,  contained  6*2  p.  c.  vanadium  pent- 
oxide  ;  another  from  TraverseUa  contained  didymium. 

P3rr.,  etc. — B.B.  in  the  forceps  fuses  at  5  to  a  semi-transparent 
glass.     Soluble  with  borax  to  a  transparent  glass,  which  after- 
ward becomes  opaque  and  crystalline.     With  salt  of  phosphorus 
forms  a  glass,  colorless  in  outer  flame,  in  inner  green  when  hot 
and  fine  blue  cold ;  varieties  containing  iron  require  to  be  treated 
on  charcoal  with  tin  before  the  blue  color  appears.     In  hydro 
chloric  or  nitric  acid  decomposed,  leaving  a  yellow  powder  soluble  in  ammonia. 
"OmSL — Remarkable  among  non-metallic  minerals  for  its  high  specific  gravity. 
Obs. — UsuaUy  associated  with  crystalline  rocks,  and  commonly  found  in  connection  with 
tin  ore,  topaz,  fluorite,  apatite,  molybdenite,  wolframite,  in  quartz.     Occurs  at  Schlacken- 
wald  and  Zinnwald  in  Bohemia ;  in  the  Riesengebirge ;  at  Galdbeck  Fell,  near  Keswick ; 
Neudorf  in  the  Harz ;  Ehrenfriedersdorf ;  Posing  in  Hungary ;  TraverseUa  in  Piedmont,  eta 
Llamuco,  near  Chuapa  in  GhilL     In  the  TJ.  S.,  at  Lane^s  mine,  Monroe,  and  Huntington, 
Conn. ;  at  Chesterfield,  Mass. ;  in  the  Mammoth  mining  district,  Nevada ;  at  Bangle  mine,  in 
Cabazras  Co.,  N.  G.;  and  Flowe  mine.  Mecklenbuig  Go. 

CUPROSCIIBBLITB. — A  scheelite  containing  about  6  p.  c.  copper  oxide.     Golor  bright  green. 
La  Paz,  Lower  GaUfomia.     Llamuco,  near  Santiago,  GhUi. 

CuFBOTUNOsrrrE. — A  copper  tungstate,  GuaWOk-haq.     Amorphous.      Golor  yeUowish- 
green.    With  ctiproscheeUte  at  the  copper  mines  of  Llamuco,  GhUi 

Stolzitb. — PbW04= Tungsten  trioxide  51,  lead  oxide  40=100.     Tetragonal.     Zinnwald  \ 
Bleibexg;  Goquimbo,  Ghili. 


WUIaFBNITB.*  G^elbbleie«,  Qwm, 

Tetragonal.    Sometimes  hemihedral.     6>Al-i=12D''   26';    <J  =  1-574. 
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Przibram.  Phenixville. 

In  modified  square  tables  and  sometimes  very  thin  octahedrons.     Cleavage  i 
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1  very  smooth ;  O  and  \  much  less  distinct.  Also  granularly  massive, 
coarse  or  fine,  ni'mly  cohesive.  Often  hemihedral  in  the  octagonal  prisms, 
producing  thus  tables  like  f.  696,  and  octahedral  forms  having  the  prisma- 
tic planes  similarly  oblique. 

Il.= 2-75-3.  G.=6'03-7'01.  Lustre  resinous  or  adamantine.  Color 
wax-yellow,  passing  into  orauge-yellow;  also  siskin-  and  olive-green,  yel- 
lowish-gray, grayish-white,. .  brown ;  also  orange  to  bright  red.  Streak 
white.    Subtranspai-ent — subtranslucent.    Fracture  subcouchoidal.    Brittle. 

Var.— 1.  Ordinary.  Color  jeUow.  2.  Vfmadiiferaui,  Ooloz  ozange  to  bright  red,  a  yariecj 
ocoarring  at  PhenizYiUe,  Pa. 

Oomp.—PbMoO^  =  Molybdenum  trloxide  88*5,  lead  oxide  61*5=100.  Some  varieties 
contain  chromium. 

Pyr.,  etc. — B.B.  decrepitates  and  fases  below  %  j  with  borax  in  O.F.  gives  a  colorless  glass, 
in  R.  F.  it  becomes  opaque  black  or  dirty  green  with  black  flocks.  With  salt  of  phosphoms 
in  O.F.  gives  a  yellowisii-green  glass,  which  in  B.F.  becomes  dark  green.  With  soda  on  char- 
coal yields  metalUc  lead.  Decomposed  on  evaporation  with  hydrochloric  acid,  with  the 
formation  of  lead  chloride  and  molybdic  oxide  ;  on  moistening  the  residue  with  water  and 
adding  metallic  zino,  it  gives  an  intense  blue  color,  which  does  not  fade  on  dilation  of  the 
liquid. 

Obs. — This  species  occurs  in  veins  with  other  ores  of  lead.  Found  at  Bleibeig,  etc.,  in 
Carinthia  ;  at  Retzbanya ;  at  Przibram  ;  Schneeberg  and  Johanngeoigenstadt ;  at  M oldava ; 
in  the  Kirghis  Steppes  in  Russia ;  at  BadenweUer  in  Baden  ;  in  Uie  gold  sands  of  Rio  Ohioo 
in  Antioquia,  Columbia,  S.  A. ;  Wheatley's  mine,  near  Phenixville,  Pa.;  at  the  Comstock  lode 
in  Nevada.  In  fine  specimens  from  the  Empire  mine,  Lucin  District,  Box  Elder  County, 
Dtah  ;  at  Empire  mine,  Inyo  Co.,  Cal.  ;  in  the  Weaver  dist.,  Arizona. 

EosiTE  {ikJirauf). — In  minute  tetragonal  octahedrons.  Color  deep-red.  Probably  a  vana- 
dio-molybdate  of  lead.     Leadhills,  Scotland. 

ACHUBMATITE. — An  arsonio-molybdate  of  lead.    Analysis,  As^Os  18*25,  MoOs  6*01,  01 
2-15,  Pb6  28,  PbO  68  31 =10000.     Compact;  structure  indistinctly  crystalline.     H.=3-4. 
O.  =5  '905,  6  '178  (powder).     Color  liver-brown,  translucent ;  in  minute  grains  transparent  and 
color  yellow.    Brittle.    Guaoacer^,  State  of  Chihuahua,  Mexico.    (Mallet^  J.  Ch.  Soc.,  xiii., 
1141,  New  Series.) 


OROOOrrS.    Croooialte.    Rothbleiers,  Germ, 


Moiioclinic.     0=  ir  27',  /A  /  =  93°  42',  O  A 14  =  138°  10' ;  c 
=  0-95507  :  1*0414  :  1,  Dauber.    Cleavage :  /toler-  ^^ 

ably  distinct ;  O  and  i-i  less  so.  Surface  /streaked 
longitudinally ;  the  faces  mostly  smooth  and  shin- 
ing.    Also  imperfectly  columnar  and  granular. 

n,= 2*5-3.  G.=6-9-6'l.  Lustre  adamantine — 
vitreous.  Color  various  shades  of  bright  hyacinth- 
red.     Streak  orange-yellow.     Translucent     Sectile. 

Oomp. — PbCr04=Lead  oxide  69*0,  chromiam  trioxide  81'0= 

100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  blackens,  bat  re- 
sovers  its  original  color  on  cooling.  B.B.  fuses  at  15,  and  on 
aharcoal  is  reduced  to  metallic  lead  with  deflagration,  leaving  a 
residae  of  chromic  oxide,  and  giving  a  lead  ooating.  With  salt 
of  phosphorus  gives  an  emerald-green  bead  in  both  flames.  Fused 
with  potassium  bisulphate  in  tiie  platinum  spoon  forms  a  dark 
violet  mass,  which  on  solidifying  becomes  reddish,  and  when 
oold  greenish-white,  tiius  differing  from  yanadinite,  which  on  similar  treatment 
fallow  mass  (Plattner). 
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Obs.-— Fint  f  <mnd  at  Bereeof  in  Biberia ;  at  MusiDfik  ani  near  Niaohne  Tagflak  in  tiu 
CJral ;  in  Brazil;  at  Eetsbanja;  Moldawa ;  on  Luzon,  one  of  the  Philippinea. 


PBCENIGOOHROmi.    Melanoohroite. 

Orthorhombic  (?).  Crystals  usually  tabular,  and  reticularly  interwoven. 
Cleavage  in  one  direction  perfect.    Also  massive. 

H.=3-3'5.  G.=6'75.  Lustre  resinous  or  adamantine,  glimmering. 
Color  between  cochineal-  and  hyacinth-red;  becomes  lemon-yellow  on 
exposure.     Streak  brick-red.     Subtranslucent — opaque. 

Oomp.— Pb,0raO9=2PbCrO4H-PbO=0hrommm  trioxide  28*0,  lead  oxide  77*0=100. 

Pyr.,  etc. — B.B.  on  oharooal  fuses  readilj  to  a  dark  mass,  which  is  orystaUine  when  ooUL 
tn  B.F.  on  charcoal  gives  a  coating  of  lead  oxide,  with  globnlee  of  lead  and  a  residue  of 
chromic  oxide.    Gives  the  reaction  of  chrome  with  fluxes. 

Obs. — Occurs  in  limestone  at  Beresof  in  the  Ural,  with  crocoite,  vauquelinite,  pyromoiphite, 
and  galenite.  * 


VAXTQXTXIIiINITB. 

Monoclinic.  Crystals  usually  minute,  irregularly  aggregated.  A  Iso 
reniform  or  botryoidal,  and  granular;  amorphous. 

H.=2-5-3.  G.=5'5-5-78.  Lustre  adamantine  to  resinous,  often  faint 
Color  green  to  brown,  apple-green,  siskin-ffreen,  olive-green,  ochre-brown, 
liver-brown  ;  sometimespearly  black.  StreaK  green  ish  or  brownish.  Faintly 
translucent— opaque.     Fracture  uneven.     Rather  brittle. 

Oomp.— Pb,CuCr«09=2ROr04H-RO.  B=Pb  :  Ou=2  : 1.  The  formula  requires:  Chro- 
mium trioxide  27-6,  lead  oxide  61*5,  copper  oxide  10*9=100. 

P3rr.,  etc. — B.B.  on  charcoal  slightly  intumesces  and  fuees  to  a  gray  submetallic  globule, 
yielding  at  the  same  time  small  globules  of  metal.  With  borax  or  salt  of  phosphorus  affords 
a  green  transparent  glass  in  the  outer  flame^  which  in  the  inner  after  coolmg  is  red  to  black, 
according  to  the  amount  of  mineral  in  the  assay ;  the  red  color  is  more  distinct  with  tin. 
Partly  soluble  in  nitric  acid. 

Obs. — Occurs  with  crocoite'  at  Beresof  in  Siberia,  generally  in  mammillated  or  amorphous 
masses,  or  thin  crusts  ;  also  at  Pont  Gibaud  in  the  Puy  de  Dome ;  and  with  the  crocoite  of 
Brazil.  In  the  U.  States  it  has  been  found  at  the  lead  mine  near  Sing  Sing,  in  green  and 
brownish-green  mammillary  concretions,  and  also  nearly  pulyerulent ;  and  at  the  Peqna  lead 
mine  in  Lancaster  Co.,  Pa.,  in  minute  crystals  and  radiated  aggregations  on  quarts  and 
galenite,  of  a  siskin-  to  apple-green  color,  with  cemssite. 

LAXMAiiKiTB  (photphoehrtmiU), — Near  Yauquelinite,  bat  held  to  be  a  pLoepho-chiomace. 
Beresof. 


OXTOER  OOKPODMOa. — BOLPHlTBi. 


fl.  SULPHATES. 

AlTBTDBOnS   SnLPBATSa. 

BariU  Orovp. 


BABTFB.    BU7te&     Hwt;  Bpu.     Sctawanpsth,  Qtrm. 

Orthorhombio.    /a  /=  101°  40',  (?  A  1-i  =  121"  50' ;  <i :  J :  dE  =  1-6107 


Cheshire. 

:  1-2276:1.  (?a1  =  115°  42';  ^-tAff,  top,  =- 
102=  17';  l-«Al-i,  top,  =  74°  36  Crystala mn- 
ally  tabular,  as  in  figures;  Boraetimes  priamatic 
ill  the  direction  of  tlie  different  axes.  Cleavage : 
basal  rather  perfect ;  /  somewhat  less  so ;  i-i  imperfect.  Also  in  globalar 
forme,  fibroiie  or  lamellar,  urested  ;  coarsely  laminated,  laminte  convergent 
and  often  curved;  also  granular;  oalorasometimes  banded,  aein  Bta)^mite. 
H.  =  2-5-3-.5.  G.=4'S-4-72.  Lustre  vitreous,  inclining  to  resinous; 
sometimes  pearly.  Streak  white.  Color  white;  also  inciining  to  yellow, 
gray,  blue,  red,  or  brown,  dark  brown.  Transparent  to  translucent — opaque. 
Sometimes  fetid,  when  rubbed.     Optic-axial  plane  brachy diagonal. 

Oomp.— BaSO.^Bnlphar  trioilde84-S,  buTta  05-7=100.  Strontiam ud  •ometimeB  cul- 
einm  replaoe  part  of  Che  barium ;  alio  silica,  olay ,  bitmniiioiiB  or  caitranaMOiia  iabstancea 
aie  often  present  as  impurities. 

Pyr.,  etc — B.B.  decrepitates  and  fooes  at  3.  ooloring  the  flame  yelloniih-sreen ;  th«  fosed 
man  reacta  alkaline  nitb  teat  paper.  On  obarcoal  redaoed  to  a  aalpbide.  With  soda  givei 
at  Silt  a  clear  pearl,  bnt  an  oanCinued  blowing  j^ielda  a  hepatic  masti,  which  spreadi  ant  and 
•oaks  into  the  coaL  If  a  portion  of  this  raaxs  be  removed,  placed  oa  a  clean  mWer  surface, 
and  moistened,  it  gives  a  black  spot  of  silver  salphide.  Should  the  barite  contain  calciniD 
nlphate,  this  will  not  be  absorbed  bj  the  coal  when  treated  in  powder  with  soda.     Insoluble 

TUB. — Distinguishing  oharaoters :  high  speciflo  gravity,  higher  than  celestite  or  atagfonite ; 
deavage  ;  insolubility;  green  coloration  of  the  blowpipe  flame. 

Obs. — OocuTS  oommonly  in  connection  with  beds  or  veins  of  metallic  ores,  as  part  af  thi' 
gangne  of  the  ore.  It  is  met  with  in  oeoondary  limestone,  sometimes  forming  distinct  veina 
and  ofteu  in  oryitals  along  with  ealdte  and  celestite.     At  Dufton.  in  Westmoruland .  Eug 


d88 


JMCSCBIPTIVB  HINBRALOOY. 


laiid ;  in  Cornwall,  near  Liskeard,  etc.,  in  Cumberland  and  Lancashire,  in  Dftrbyshiie,  Staf 
fordshire,  etc.;  in  Scotland*  in  Argyleshire,  at  Strontian.  Some  of  the  most  important 
European  localities  are  at  Felsobanya  and  Kremnitz,  at  Freiberg,  Marienberg,  Claustbal, 
Przibram.  and  at  Eoya  and  Roure  in  Auvergne. 

In  the  U.  S.,  in  Conn.^  at  Cheshire.  In  N.  York,  at  Pillar  Point;  at  Sooharie  ;  in  St. 
Lawrence  Co.;  at  Fowler;  at  Hammond.  In  Virginia,  at  Eldridge's  gold  mine  in  Buckingham 
Co.;  near  Lexington,  in  Rockbridge  Co.:  Fauquier  Co.  In  Kentucky^  near  Paris  ;  in  the  W. 
end  of  L  Boyale,  L.  Superior,  and  on  Spar  Id. ,  N.  shore.  In  Canada^  at  Landsdown.  In 
fine  crystals  near  Fort  Wallace,  New  Mexico. 

The  white  yarieties  of  barite  are  ground  up  and  employed  as  a  white  paint,  either  alone  or 
mixed  with  white  lead. 


OEIiBSTITB. 


Orthorhombic,  7a7=104:°  2'  (103°  30'-104°  80'),  0M'l  =  12V 
19i' ;  (5 :  J  ;  dS  =  1-64:32  : 1-2807  : 1.  OM—  115°  38',  OM-i  —  127°  56', 
1  A 1,  mac,  =  112°  35',  1  A 1,  brach.,  =  89°  26'.  Cleavage :  O  perfect ; 
/  distinct ;  i-i  less  distinct.  Also  fibrous  and  radiated ;  sometimes  globu- 
lar ;  occasionally  granular. 
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L.  Erie. 


H. =3-3-5.     G.= 3-92-3 -975.     Lustre  vitreous,  sometimes  inclining  to 

S  earl  J.     Streak  white.     Color  white,  often  faint  bluish,  and  sometimes  red- 
ish.     Transparent — subtranslucent.     Fracture  imperfectly  conchoidal- 
uneven.    Very  brittle.     Trichi-oism  sometimes  very  distinct. 

Oomp.^SrS04=:Snlphnr  trioxide  43*6,  strontia  56'4=:100.  Wittstein  finds  that  the  bine 
odi(»  of  the  oelestite  of  Jena  is  due  to  a  trace  of  a  phosphate  of  iron. 

Pyr.,  etc. — B.B.  frequently  deci^pitates,  fuses  at  8  to  a  white  pearl,  coloring  the  flame 
strontia-red ;  the  fused  mass  reacts  alkaline.  On  charcoal  fuses,  and  in  B.F.  is  converted 
into  a  difficultly  fusible  hepatic  mass ;  this  treated  with  hydrochloric  acid  and  alcohol  giyes 
an  intensely  red  flame.    With  soda  on  charcoal  reacts  like  barite.    Insoluble  in  acids. 

I>ifF. — Does  not  effervesce  with  aoids  like  the  carbonates ;  specific  gravity  lower  than  that 
of  barite  ;  colors  the  blowpipe  flame  red. 

Obs. — Oelestite  is  usually  associated  with  limestone  or  sandstone.  Occurs  also  in  beda  of 
gypsum,  rook  salt,  and  clay ;  and  with  sulphur  in  some  volcanic  regiona  Found  in  Sicily,  at 
Girgenti  and  elsewhere  ;  at  Bex  in  Switserland,  and  CodU  in  Spain ;  at  Bombuzg,  near  Jena ; 
in  the  department  of  the  Garonne,  France  ;  in  the  Tyrol ;  Retzbanya ;  in  rock  salt,  at  Isohl, 
Austria.  Found  in  the  Trenton  limestone  about  Lake  Huron,  particu'arly  on  Strontian 
Island,  and  at  Kingston  in  Canada ;  Ghaumont  Bay,  Scoharie,  and  Lockport,  N.  Y. ;  also 
the  Roesie  lead  mine ;  at  Bell's  Mills,  Blair  Co..  Penn. 

Named  from  coAe&tia^  cdeatial,  in  allusion  to  the  faint  shade  of  bine  often  presented  by  the 
mineral. 

Barttooblbstitb. —-Oelestite  containing  barium  sulphate  26  p.  c.  (Griiner),  20*4  p.  o. 
(Turner).  l-iAl-i=74''  64i',  HAi-i=100'  35  ,  on  crystals  from  Imfeld  in  the  Binnentha] 
(Neminaz).    Drommond  L,  Ldce  Erie;  Norten,  Hanover. 
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ANHYDRTTB. 

Orthorhombic.     /A  7=  100°  30',  (?  A 14  =  127°  19' ;  c  :  ?  :  rf  =  1-3128 

:  1-2024  :  1.    l-i  A  1-i,  top,  =  85°.  Cleavage :  i-i  very  per- 
704  feet ;  iri  also  perfect ;  O  somewhat  less  so.     Also  libroiis, 

lamellar,    granular,    and    sometimes    impalpable.      The 
lamellar  and  columnar  varieties  often  curved  or  contorted. 
lI.=3-3-5.    G.=2-899-2-985.    Lustre:  i-i  and  i-l  some- 
what pearly ;   O  vitreous ;  in  massive  varieties,  vitreous 


«^ 


C 


inclining  to  pearly.      Color  white,  sometimes  a  grayish, 

bluish,  or  reddish  tinge;  also  brick-red.     Streak  grayish- 

^       ^^     white.     Fracture  uneven;  of  finely  lamellar  and  fibrous 


^^- — -^      /       wnire.     rracriire  uneven;  or  nnejy  laraeuar  anu  nuroua 
V    1       n/J     varieties,  8i)lintery.     Optic-axial  plane  parallel  to  /-i,  or 


Staosfart         plane  of  most  perfect  cleavage;  bisectrix  normal  to  0\ 

Grailich. 

Var. — (a)  OTystallized ;  deavable  in  its  three  rectangnlar  directions,  ifi)  fibrons ;  either 
parallel,  or  radiated,  or  plumose,  {c)  Fine  granular,  (d)  Scaly  grannlai.  Vulpinite  is  a  scaly 
granular  kind  from  Vulpino  in  Lombardj ;  it  is  cut  and  polished  for  ornamental  purposes.  It 
does  not  ordinarily  contain  more  siUca  than  common  anhydrite.  A  kind  in  contorted  concre- 
tionary forms  is  the  tripestone  {OekrosMiein), 

Oomp.^0aS04=Sulphnrtrioxide  58  8,  lime  41-2=100. 

Pyr.,  etc. — B.B.  fuses  at  8,  coloring  the  flame  reddish-yellow,  and  yielding  an  enamel-like 
bead  which  reacts  alkaline.  On  charcoal  in  R.  F.  reduced  to  a  sulphide  ;  with  soda  does  not 
fnse  to  a  clear  globule,  and  is  not  absorbed  by  the  coal  like  barite ;  it  is,  however,  decomposed, 
and  yields  a  mass  which  blackens  silver ;  with  fluorite  fuses  to  a  clear  pearl,  which  is 
enamel-white  on  cooling,  and  by  long  blowing  swells  up  and  becomes  infusible.  Soluble  in 
hydrochloric  acid. 

Diff. — Characterized  by  its  cleavogfe  in  three  rectangular  directions ;  harder  than  gypsum ; 
does  not  effervesce  with  acids  like  the  carbonates. 

Obs. — Occurs  in  rocks  of  various  ages,  especially  in  limestone  strata,  and  often  the  same 
that  contain  ordinary  gypsum,  and  also  very  commonly  in  beds  of  rook  salt.  Occurs  near 
Hall  in  Tyrol ;  at  Sulz  on  the  Neckar,  in  Wurtemberg ;  Bleiberg  in  Gaiinthia ;  Lilnebeig, 
Ilanover ;  Kapnik  in  Hungary ;  Ischl ;  Aussee  in  Styria ;  Berchtesgaden ;  Stassfurt,  in  fine 
crystals.     In  the  U.  States,  at  Lockport,  N.  Y.     In  Nova  Scotia. 

ANaiiBBTTS.    Bleivitriol,  Oerm. 

Orthorhombic.  /a/=  103^  43i',  C^Al-i  =  121^  SOJ',  Kokscharof; 
i:b:d=  1-64:223  :  1-273634  :  1.  O  A 14  =  127°  48' ;  6>  A  1  =  115°  35^' ; 
14  A  1-i,  top,  =  75°  35^.  Crystals  sometimes  tabular ;  often  oblong  pris- 
matic, and  elongated  in  the  direction  of  either  of  the  axes  (as  seen  in  the 
figures).  Cleavage :  7,  Of  but  interrupted.  The  planes  /  and  i-l  often 
vertically  striated,  and  i-l  horizontally.  Also  massive,  granular,  or  hardly 
fio.     Sometimes  stalactitic. 

H.= 2-75-3.  G.= 6-12-6-39.  Lustre  highly  adamantine  in  some  speci- 
mens, in  others  inclinhig  to  resinous  and  vitreous.  Color  white,  tinged 
yellow,  gray,  ffreen,  and  sometimes  blue.  Streak  uncolored.  Transparent 
paque.     Fi-acture  conchoidal.     Very  brittle. 


Oomp.— PbSO«-Sulphnr  trioxide  26*4,  lead  oxide  73-6=100. 

Pyr.,  etc. — B.B.  decrepitates,  fuses  in  the  flame  of  a  candle  (F.  =1  '5).  On  charcoal  in  O. 
F.  fuses  to  a  clear  pearl,  which  on  cooling  becomes  milk-white ;  in  R.F.  is  reduced  with  effer^ 
vescence  to  metallic  lead.  With  soda  on  charcoal  in  R.  F.  gives  metaUic  lead,  and  the  soda 
is  absorbed  by  the  coal ;  in  hen  the  surface  of  the  coal  is  removed  and  placed  on  bright  silvei 
and  moistened  with  water  It  tarnishes  the  metal  black.    Difflcultij  soluble  in  nitric  add. 


DESOBIFnTB  UTNERALOOr. 


Ob>. — TIiiB  on  of  lend  iraa  flnt  obserred  by  Honnet  aa  a  remit  of  the  deoompoidtlOD  ol 
nlenite,  wid  it  is  often  lonnd  in  its  cavitiss.  Oeonw  in  crjetale  at  Leadhills ;  at  Paiy'a  mine 
In  An^leaea ;  also  at  Melanoweth  in  Cornwall ;  in  Derbysbire  and  In  Onmberland :  Glatutbal, 
ZiUerfsld,  and  Oiepenbach  In  the  liars;  near  Siejifen  in  FrUBsia ;  Schapbach  In  the  Black 
Potest ;  in  Saidinia ;  mastdTS  in  Siberia,  Andalnnia,  Alston  Moot  in  Cumberland  ;  in  Ana- 
tialia.  In  the  U.  S.,  in  Ini^  crystals  at  Wheatley'a  mine,  FhenlzTille.  Pa. ;  in  Misaoaril«ad 
minea  ;  at  the  lead  mines  of  Sonthampton,  Mass.  ;  at  Roeaie,  N.Y. ;  at  the  Walton  gold  mine, 
Louisa  Co.,  Va.     Compact  in  Ariiona,  and  Cerro  Gordo,  Cal. 

Drbelitb. — Rhombohedral,  H.=S'S.  G.=8'2-3'4.  Color  whito.  Compomtion  givenaa 
CftSOfi-SBaSOt.     Ooonra  in  small  cryatals  at  Beanjean,  Pranoe;  Badenweiler,  Baden. 

DOLBROPHAinTB  fSeaeehi). — CatSOt.  In  mlnnte  orystals.  Honoollnia  Color  broim. 
TBBafin& 

Htdroctanitb  (Seaeehtj. — Aubydions  oopper  anlphate,  CnSOi.  Color  aky-blae.  Veij 
■olaUe.    TeenTina. 

Aphthitalitb,  Jrvon^.— K,SO.=PotaahS4-l,Balphnricacld4S'9=100.     TemTioa. 

Thehabdite. — Bodinm  anlphate,  HaiBOi.     Spain;  Veaavina. 


T,^  ATHTTT  .T-TTtl 


Orthorhombic.  /a/=  103""  16',  0  A 14  =  130  "10';  c  :  3  :  d  =  1-T20B 
;  1'2632  :  1,  HemihedraT  in  I  arid  some  other  planes ;  hence  monoclinic  in 
aspect,  or  rhombohedral  when  in  compound  crystals.  Cleavage :  irl  very 
perfect ;  t-i  in  traces.  Twins,  f.  712,  conaisting  of  three  crystalg ;  twinning 
flane,  l^  (see  f.  298,  p.  97) ;  also  parallel  with  /, 


OXYGEN  00HP0T7in)S. — 8ULPHATB9. 
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H. = 2*5.    G. = 6*26-6'44.    Lustre  of  i-l  pearly,  other  parts  resinous,  some- 
what adamantine.  Color  white, 

passing    into    yellow,    green,  711  712 

or  gray.  Sti*eak  uncolored. 
Transparent  —  translucent. 
Conchoidal  fracture  scarcely 
observable.    Ilather  sectile. 


a 


it 


Gomp.— Formerly  accepted  for- 
mula, PbS04+dPbC0j=Lead  Bul- 
pliate  27*45,  lead  cftrbonato  72*55= 
100.     Recent  investigations  by  Las-     I  .  / 

peyres  (J.  pr.,  Ch.  II.,  v.,  470;  vil,       M-7<S.     / 
127;  xiiL,  870),  and  Hintze   (Pogg.  ^[jVy 

Ann.,  clii.,  166),  though  not  entirely 
accordant,  give  different  results,  both 

show  the  presence  of  some  water.     Laspeyres  ^Tites  the  formula  empirically,  PbitOsSftOft  -¥ 
5H,0,  andHintM,  PbiG4SaOsi+2HaO.     Analyses:  1.  Laspeyres;  2,  Hintse: 

SO.  GO,  PbO  H,0 

1.  8-14  808  81-91  1-87=100,  Laspeyres. 

2.  817  9-18  80-80  2*00=10015,  Hintze. 

Pyr.,  etc. — B.B.  intumesces,  fuses  at  1  '5,  and  turns  yellow  ;  but  white  on  cooling.  Easily 
reduced  on  charcoal  With  soda  affords  the  reaction  for  sulphuric  acid.  Effervesces  briskly 
in  nitric  acid,  and  leaves  white  lead  sulphate  undissolved. 

Obs. — This  ore  has  been  found  at  Leadhills  with  other  ores  of  lead ;  also  in  crystals  at  Bed 
GiU,  Cumberland,  and  near  Taunton  in  Somersetshire ;  at  Iglesias,  Sardinia  {maxUe). 

SnsANNrrB. — Composition  as  for  leadhillite,  but  form  rhombohedral.  Leadhills ;  Nert- 
Bchinsk,  Siberia. 

CoNNELLFTE.  — Hexagonal.  In  slender  needle-like  blue  crystals.  Contains  copper  sulphate 
and  copper  chloride.     Exact  c  •mposition  uncertain.     Cornwall. 

CALUDONrrB.— Monodinic  (iScArau/).  H.  =2*5-8.  G.=6*4.  Color  bluish-green.  BiSO* 
+  aq  (Plight),  with  R=Pb  :  Cu=7  :  3,  or  5PbSO«+8HjCuOj+2H.iPbOa.  This  requires  : 
Sulphuric  trioxide  19*1,  lead  oxide  65*2,  copper  oxide  11*4,  water  4*8=100.  Leadhills,  Scot- 
land ;  Bed  Gill ;    Betzbanya ;  Mine  la  Motte,  Missouri. 

Lanarkitb. — MonocUnic.  H.  =2-2*5.  G.  =6*8-6*4.  Color  pale  yellow,  or  greenish- 
white.  Transparent.  Composition  as  formerly  accepted,  PhSOi+PbCOt.  New  analyses  by 
Flight,  and  by  Pisani,  show  the  absence  of  both  carbon  dioxide  and  water ;  compositioQ 
accordingly  PbiSOft=PbSO«+PbO,  which  requires :  Lead  sulphate  57*6,  lead  oxide  42*4=100. 
LeadhiUs ;  Siberia,  eta 

OLAXTBBRini. 

Monoclinic.  (7=68*^16',  /A  7=83^  20',  (?  A 14  =  186**  30' ;  i:b:a 
-=  0-8454  :  0-8267  :  1.    Cleavage :  O  perfect. 

H.= 2-5-3.      G.=2-64-2-85.     Lnstre  vitreous.     Color  713 

pale  yellow  or  ^ray;  Bometimes  brick-red.    Streak  white. 
Fracture  conchoidal ;  brittle.     Taste  slightly  saline.  ^    0 

Oomp.— NagCaSaO.sSulphur  trioxide  57-6,  lime  201,  soda  22'8= 
100. 

Pyr.,  etc — B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a 
white  enamel,  coloring  the  flame  intensely  yellow.  On  charcoal  fuses 
in  O.F.  to  a  clear  bead  ;  in  R.F.  a  portion  is  absorbed  by  the  charcoal, 
leaving  an  infusibe  hepatic  residue.  With  soda  on  charcoal  gives  the 
reaction  for  sulphur.  Soluble  in  hydrochloric  add.  In  water  it  loses 
its  transparenqy,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  and  in  a  large  excess  this  is  completely  dissolved.  On  long 
exposure  absorbs  moisture  and  falls  to  pieces. 

Obs. — In  crystals  in  rock  salt  at  Viila  Rubia  in  New  Castile ;  also  at 
Anasee  in  Upper  Austria ;  in  Bavaria ;  at  the  salt  mines  of  Vic  in  Prance ; 
and  at  Borax  Lake,  California;  Province  of  Tarapaoa,  Peru. 
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PESOBIPTIYE  MIKERALOaT. 


HyDBOUS     SlJLPHATBS. 


MTRABUJTB.     Glauber  Salt 

Monoclinic  C  =  72^  15',  /A /=  86°  31',  O A 14  =  130^  19':  c\h\A 
=  1*1089  :  0*8962  :  1.  Cleavage :  iri  perfect.  llBually  in  emoresccut 
crusts. 

H.=  1*5-2.  G.=l*481.  Lustre  vitreous.  Color  white.  Transparent — 
opaque.     Taste  cool,  then  fceblj  saline  and  bitter. 

Oomp.~Na:iSO4+10aq=Sulpbnr  trioxide  24*8,  soda  19*3,  water  65*9=100. 

Pyr.,  etc. — ^In  the  dosed  tube  mnch  water ;  gives  an  intense  yellow  to  tbe  flame.  Very 
BOlnble  in  water ;  tbe  solation  gives  witb  barium  Ealts  the  reaction  for  sulphuric  acid.  Falls 
to  powder  on  exposure  to  the  air,  and  becomes  anhydrous. 

Obs. — Occurs  at  Ischl  and  Hallstadt ;  also  in  Hungary ;  Switzerland  ;  Italy ;  at  Guipuzcoa 
in  Spain,  eta  ;  at  Kailua  on  Hawaii ;  at  Windsor,  Nova  Scotia ;  also  near  Sweetwater  Biver, 
Rocky  Mountains. 

Masoagnitb,  Boussingaultitb  (oerbolite))  Lbgontitb,  and  GoANOVULrrs  are  bydroua 
■olphates  containing  ammonium. 


GYPSUM. 

Monoclinic.  C^=  66°  14',  if  the  vertical  prism  /  (see  f.  716)  correspond 
to  the  cleavage  prism  (second  cleavage),  and  the  basal  plane  O  to  the 
direction  of  the  third  cleavage.  /a/=138°  28',  liA  14  =  128°  31'; 
c  :  J  :  a  =  0-9  :  2-4135  :  1.  0  A  1  =  125°  35',  0  A  24=145°  41',  1  A  1  = 
143°  42',  24  A  24=111°  42'. 


714 


716 


716 


717 


Cleavage:  (1)  i-i,  or  clinodiagonal,  eminent,  affording  easily  smooth  pol- 
ished folia ;  (2)  /,  imperfect,  fibrous,  and  often  apparent  in  internal  rifts  or 
linings,  making  with  O  (or  the  edge  24/24)  the  angles  66°  14',  and  113° 
46',  corresponding  to  the  obliquity  of  the  fundamental  prism ;  (3)  O^  or 
basal,  imperfect,  but  aflFording  a  nearly  smooth  surface.  Twins :  1.  Twin- 
ning-plane  O  common  (f.  717) ;  also  1-i,  or  edge  1/1.  Simple  crystals  often 
with  warped  as  well  as  curved  surfaces.  Also  foliated  massive ;  lamellar 
stellate;  often  granular  massive;  and  sometimes  ne^arly  impalpable. 
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11. =1 -5-2.    G.=2-314-2-328,  when  pure  crystals.      Lastre  of  i-l  pearly 
and  shining,  other  faces  subvitreous.      Massive  varieties  often  glistening, 
sometimes  dull  earthy.     Color  usually  white ;   sometimes  gray,  flesh-red, 
honey-yellow,  ochre-yellow,  blue ;  impure  varieties  often  black,  brown,  red 
or  reddish-brown.     Streak  white.     Transparent^-opaque. 

Var. — 1.  CrffstaUieedj  or  Sdenite;  either  in  distinct  crirstalfl  or  in  broad  folia,  the  folia 
eometimoB  a  yard  acrons  and  transparent  throughont.  2.  Fibrmis  ;  coarse  or  fine,  {a)  Satin 
ipar^  when  fine-fibrous  a  yaiietj  which  has  the  pearly  opalescence  of  moonstone ;  (b)  pluma8&, 
when  radiately  arranged.  8.  Massive/  Alabaster ^  a  fine-grained  yariety,  either  white  oi 
delicately  shaded;  scaly-granvJUvr ;  ea/rUiy  or  rock-gppsfim,  a  dull-colored  rock,  often  impure 
with  clay  or  calcium  carbonate,  and  sometimes  with  anhydrite. 

Oomp — CaS04-l-2aq=Sulphur  trioxide  46*5,  lime  32  Q,  water  20-9=100. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water  and  becomes  opaque.     Fuses  at  2 '5-3,  color* 
ing  the  flame  reddish-yellow.     For  other  reactions,  see  ANTiTDRrrB,  p.  889.     Ignited  at  a'  < 
temperature  not  exceeding  260"  C,  it  again  combines  with  water  when  moistened,  and 
becomes  firmly  solid.     Soluble  in  hydrochloric  acid,  and  also  in  400  to  500  parts  of  water.    ~S  b 

Diffl — Characterized  by  its  softness ;  it  does  not  effervesce  nor  gelatinize  with  adds. 
Some  Tarieties  resemble  heulandite,  stilbite,  talc,  etc. ;  and  in  its  fibrous  forms  it  is  like  somie 
calcite. 

Oba. — Gypsum  often  forms  extensive  beds  In  connection  with  various  stratified  rocks^  espe- 
cially limestone,  and  raarlytes  or  clay  beds.  It  occurs  occasionally  in  crystalline  ix>cks.  It  if 
also  a  product  of  volcanoes ;  produced  by  the  decomposition  of  pyrite  when  lime  is  present ; 
and  often  about  sulphur  springs ;  also  deposited  on  the  evaporation  of  sea- water  and  brines, 
in  which  it  exists  in  solution. 

Fine  specimens  are  found  ia  the  salt  mines  of  Bex  in  Switzerland ;  at  HaU  in  the  Tyrol ; 
in  the  sulphur  mines  of  SicUy  ;  in  the  gypsum  formation  near  Oqana  in  Spain ;  in  the  clay  of 
Shotover  HiU,  near  Oxford ;  at  Montmartre,  near  Paris.  A  noted  locality  of  alabaster  occurs 
at  Castelino,  85  m.  from  Leghorn.  In  the  U.  S.  this  species  occurs  in  extensive  beds  in 
N.  York,  Ohio,  Illinois,  Virginia,  Tennessee,  and  Arkansas ;  it  is  usually  associated  with  salt 
springs.  Also  IQ  Nova  Scotia,  Peru,  etc.  It  is  characteristic  of  the  so-called  triasbic,  or  red 
bedSf  of  the  Rocky  Mountain  region ;  also  of  the  Cretaceous  in  the  west,  particular!}'  of  the 
clays  of  the  Fort  Pierre  g^roup,  in  which  it  occurs  in  the  form  of  transparent  plates. 

Handsome  selenite  and  snowy  gypsum  occur  in  N.  Tork^  near  Lockport ;  also  near  CamU- 
lus,  Onondaga  Co.  In  Maryland,  on  the  St.  Mary's,  in  clay.  In  Ohio^  large  transparent 
crystals  have  been  found  at  Poland  and  Canfield,  Trumbull  Co.  In  Tenn,^  selenite  and  ala> 
baster  in  Davidson  Co.  In  Kentucky,  in  Mammoth  Cave,  in  the  form  of  rosettes,  etc.  In 
N.  Scotia,  in  Sussex,  King^s  Co.,  large  crystals,  often  containing  much  symmetrically  dis< 
seminated  sand  (Marsh). 

Plaster  of  Paris  (or  gypsum  which  has  been  heated  and  ground  up)  is  used  for  making 
moulds,  taking  casts  of  statues,  medals,  eta  ;  for  producing  a  hard  fiidsh  on  walls;  also  in 
the  manufacture  of  artificial  marble,  as  the  scagliola  tables  of  Leghorn,  and  in  the  glazing  of 
porcelain. 

POIiTHAUTB. 

Monoclinic  (?).  A  prism  of  115°,  with  acute  edges  truncated.  Usually  lu 
compact  fibrous  masses. 

H.= 2-5-3.  G.= 2-7689.  Lustre  resinous  or  slis^htly  pearly.  Streak 
red.  Color  flesh-  or  brick-red,  sometimes  yellowish,  xransliicent — opaque 
Taste  bitter  and  astringent,  but  very  weak. 

Oomp.— 2BS04+aq,  where  B=:Oa  :  ^  :  Kt  in  the  ratio  2:1:1;  that  is.  KaMgCaaSAGit 
4- 2aq= Calcium  sulphate  45 '2,  magnesium  sulphate  19  0,  potassium  sulphate  2^0,  water 
6-0=1:100. 

Pyr^  etc. — In  the  closed  tube  gives  water.  B.B  fuses  at  r5,  colors  the  flame  yellow.  On 
charcoal  foses  to  a  reddish  globule,  which  in  B.F.  becomes  white,  and  on  cooling  has  a  mline 
hepatic  taste ;  with  soda  like  glauberite.  With  fluor  does  not  give  a  clear  bead.  PartlaJly 
soluble  in  water,  leaving  a  residue  of  oaloiam  sulphate,  which  diasolves  in  a  large  amount  oi 
water 
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'   Obs.— Occurs  at  the  mines  of  Isohl,  Ebensee,  Aussee,  Hallatatt,  and  HalleiniiJ  Anslria, 
with  common  salt,  gypsum,  and  anhydrite  ;  at  Berchtesgaden  in  Bavaria ;  at  Vic  in  Lorraine. 

The  name  Polyhalite  is  derived  from  iruKvs,  matiy^  and  fiA;,  salt,  in  allusion  to  the  numbet 
of  salts  in  the  constitution  of  the  mineral 

Stngenite,  v.  Zephfiraeiah;  Kaluszite.  Rumpf. — ^Near  polyhalite.     Composition  RSO44- 
aq,  ^ith  B=Ca  :  Es=l  :  1,  that  is,  KaCaSiO«+aq=Potassium  sulphate  53  i,  calcium  sni* 
pbate  41  '4,  water  5  *5= 100.    Monoclinic.    Occurs  in  small  tabular  crystals  in  cavities  in  huUto 
at  Kalusz,  East  Oalicia. 

KiE8£BiTB.<~-MgS04+aq=Sulphur  triozide  58-0,  magnesia 28*0,  water  180=100.  Stosa- 
furt. 

PlCBOMBBlTE  is  K«]d^S808+6aq=Sulphur  triozide  89*8,  magnesia  9*9,  potash  28  4,  water 
86-9=100.  Vesuvius;  Staasfurt. 

Blobditb. — Composition  Na3MgS208+4aq= Sulphur  triozide  47-9,  magnesia  12-0,  soda 
18-6,  water  21*6=100.  Salt  mines  of  Ischl ;  also  in  the  Andes.  Simontitb  (TkAermoA;)  Sa 
identical. 

LCEWBITB.— 2NafiMgSs08+6aq=Sulphur  triozide  52*1,  magnesia  130,  soda  20*2,  watex 
14-7=100.     From  IsohL 

EPSOBfllTS.    Epsom  Salt    Bittersak,  Qurm. 

Orthorhorabic,  and  generally  hemihedral  in  the  octahedral  modifications. 
/A  7=  90°  84',  O  A  1-i  =  150*^  2' ;  b\h\&^  0-5766  :  101  :  1.  1-J  A  l-«, 
basal,  =  59°  27',  1-iAl-t,  basal,  =  59°  56'.  Cleavage:  brachydiagonal, 
perfect.     Also  in  botryoidal  masses  and  delicately  librous  crusts. 

H.=2-25.  G.=l-751;  1-685,  artificial  salt.  Lustre  vitreons^arthy. 
Streak  and  color  white.    Transparent — translucent.    Taste  bitter  and  saline. 

Oomp. — ^MgS04+7aq,  when  pnre=Snlphur  trioxide  82*5,  magnesia  16 '3,  water  51*2=100. 

Pjrr.,  etc. — Liquifies  in  its  water  of  crystal] ization.  Gives  much  water  in  the  closed  tabe 
at  a  high  temperature ;  the  water  is  acid.  B.B.  on  charcoal  fuses  at  first,  and  finally  yields 
an  infusible  alkaline  mass,  which,  with  cobalt  solution,  gives  a  pink  color  on  ignition.  Veiy 
soluble  in  water,  and  has  a  veiy  bitter  taste. 

Obs. — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillary  efflorescence  on 
rocks,  in  the  galleries  of  mines,  and  elsewhere.  In  the  former  state  it  exists  at  Epsom,  Eng- 
land, and  at  Sedlitz  and  Saidschutz  in  Bohemia.  At  Idria  in  Camiola  it  occurs  in  silky  fibres, 
and  is  hence  called  hairaalt  by  the  workmen.  Also  obtained  at  the  gypsum  quarries  of  Mont- 
martre,  near  Paris ;  in  Aragon  and  Catalonia  in  Spain ;  in  Chili ;  found  at  Vesuvius,  etc. 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  covered  with  epsomite,  in  minute  crystals,  mingled  with  the  earth.  In  the  Mam- 
moth Cave,  Ey.,  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

Fausbbttb. — A  hydrous  manganese-magnesium  sulphate.     Hungary, 


Oapperas  Group. 

OHALOANTBITE.    Blue  Vitriol.     Kupfenritriol,  Gtfm. 

Triclinic.  C>  A  /=  109°  32',  ON  1'  =  127°  40',  /A  /  =  123°  10',  OM 
=125°  38',  (pAi4=:120°  50',  OAt-«=:103°  27'.  Cleavage:  /  imper- 
feet,  /'  very  imperfect.     Occura  also  amorphous,  stalactitic,  I'eniform. 

H.=2-5.  G. =2-213.  Lustre  vitreous.  Color  Berlin-blue  to  sky-blue, 
of  different  shades ;  sometimes  a  little  ffreenish.  Streak  uncolored.  Sub- 
transparent — transhicent.    Taste  metallic  and  nauseous.    Somewhat  brittle. 

Oomp.— CuS04-+  6aq=Sulphur  trioxide  821,  copper  oxide  81-8,  water  86*1 =100. 

Vjx^  etc. — In  the  closed  tube  yields  water,  and  at  a  higher  temperature  sulphuric  add. 
B.B.  with  soda  on  charcoal  yields  metallio  copper.  With  the  fluxes  reacts  for  copper.  Solu- 
ble in  water ;  a  drop  of  the  solucion  placed  on  a  surface  of  iron  coats  it  with  metallic  copper. 

Obs.  ^Blue  vitriol  is  found  in  waters  issuing  from  mines,  and  in  connection  with  rocks  con< 
taining  ohaloopyrite,  by  the  alteration  of  which  it  is  formed.    Some  of  its  foreign  localitiet 
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are  the  BammelBberg  mine,  near  Goelar,  in  the  Harz  \  Fahlnn  in  Sweden ;  at  Paiya  mine. 
Anglesey ;  at  yarious  mines  in  Go.  of  Wioklow ;  Bio  Tinto  mine,  Spain.  Fonnd  at  the 
Hiwassee  copper  mine,  and  other  mines,  in  Polk  Oo. ,  Tennessee ;  at  the  Canton  mine,  Georgia ; 
at  Oopiapo,  Chili,  with  stypticite. 

When  purified  it  is  employed  in  dyeing  operations,  and  in  the  printing  of  cotton  and  linen, 
and  for  yarions  other  purposes  in  the  arts.  It  is  manufaotored  mostly  from  old  sheathing, 
copper  trimmings,  and  refineiy  soalea. 

Other  vitriols  are : — Mblanteritb,  iron  vitriol ;  Pisanitb,  iron-oopper  vitriol ;  Gh>SLAB- 
FTB,  zino  vitriol;  Bibberitb,  cobalt  vitriol ;  Mobenositb,  nickel  vitriol :  CuFBOMAGNBaiTE, 
oopper-magnesiam  vitriol  (Vesavios).  These  are  all  alike  in  containing  7  molecules  of  watel 
of  crystallization. 

» 

Alunooen  (Haarsalz,  G'^rm. ).~3ySsOis+18aq=Sulphurtriozide36'0,  alaminal5*4,  watei 
48*6=100.     Taste  like  that  of  alum.     Vesavios:  Konigsbezg,  Hnngaiy. 

COQUIMBITB.— FeSsOi3+9aq=Salphnr  triozide  42?,  iron  sesqniozide  28*5,  water  28*83 
100.    Coquimbo,  Chili. 

ShrrBmGiTB  (Z«Amann).— Analysis,  SOt  16*64,  ^I^IO.  7*76,  CaO  27*27,  HsO  45*82.  In  hexa- 
gonal needle-like  czystals  from  the  lava  at  Ettringen,  Laacher  See. 

Alum  and  Edlotrichite  Oraups, 

Here  belong :  TscHBRMiarrB,  ammonium  alum.  Kalinitb,  potassium  alum,  or  common 
alum.  Mbndozite,  sodium  alom.  PiCKBBiKarrB,  magnesium  alum.  Afjohnitb^  man- 
ganese alum.  BosjBMAiTKrrB,  mangano-magnesium  alum.  Halotbighitb,  iron  alnm. 
Also  BaBMBRTTB,  and  Voltaitb. 


OOPIAPITE. 

Hexagonal  (?).  Loose  aggregation  of  crystalline  scales,  or  granular  massiye, 
the  scales  rhombic  or  hexagonal  tables.  Cleavage:  basal,  pei'fect.  In- 
crnsting. 

H.=l*5.  G.=2'14,  Borcher.  Lnstre  pearly.  Color  sulphnr-yellow, 
citron-yellow.     Translucent. 

Oomp.-^eaS50ai  +  18aq  j  GFeSada  +  fi.E^eO.  +  86HaO  =  Sulphur  trioxide  41*9,  iron 
sesquioxide  83*5,  water  24*5  =  100. 

P5rr.,  etc. — Yields  water,  and  at  a  higher  temperature  sulphuric  add.  On  charcoal  be* 
comes  magnetic,  and  with  soda  affords  the  reaction  for  sulphur.  With  the  fluxes  reaotiona 
for  iron.    In  water  insoluble. 

Obs. — Common  as  a  result  of  the  decomposition  of  pjrite  at  the  Bammelsberg  miile,  near 
Goslar  in  the  Harz,  and  elsewhere. 

This  species  is  the  yellow  copperas  long  called  misy,  .and  it  might  weU  bear  now  the  namt 
Miaplite. 

KAiMONDriB. — Composition  FeaSaOi«+7aq.  Fibroferritb  (stypticite).— Composition 
FeS,O«+10aq. 

BoTRTOOEN  Is  red  iron  yitriol,  exact  composition  uncertain.  Fahlun,  Sweden.  Bartho* 
LOMITB,  West  Indies,  is  related. 

Ihleite. — Fe  S,0ia+12aq.  Occurs  as  a  yellow  efflorescence  )n  graphite  from  Mugran, 
Bohemia  {M^ra^f). 


ALXntlMTB* 


Henifonn,  massive ;  impalpable. 

H.=l-2.      G.=l-66*     Lustre  dull,  earthy.     Ooiof  white.     Opaqtia 
Fracture  earthy.     A(lhei*es  to  the  tongue ;  meagre  to  the  touch 
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Oomp«— A^ISOfl+0aq=Siilphur triozide 28*2,  alumina 29*8,  water 470=100. 

Pyr.,  etc. — In  the  closed  tnbe  gives  mnch  water,  which,  at  a  high  temperature,  beoomM 
add  from  the  evolution  of  sulphurouB  and  sulphuric  oxides.  B.B.  infusible.  With  cobalt 
solution  a  fine  blue  color.     With  soda  on  charcoal  a  hepatic  mass.    Soluble  in  adds. 

Obs. — Occurs  in  connection  with  beds  of  day  in  the  Tertiary  and  Post- tertiary  formations. 
Found  near  Halle ;  at  Newhaven,  Sussex ;  Epemay,  in  Lunel  Vieil,  and  Auteuil,  in  France 

Wkrthbmanitr.-— AlSOe  +8aq.    G.  =2*80.    Occurs  near  Chaohapoyas,  in  Peru. 

Al UNITE,  Alaunstein«  Germ. — Composition  Ka^aSiO^a  +  6aq.  Rhombohedral.  Also 
massive,  fibrous.  Forms  seams  in  trachyte  and  allied  rodcs.  Tolfa,  near  Rome ;  Tuscany; 
Hungary ;  Ht.  Dore,  France,  eta 

LowioiTB. — Same  composition  as  alunite,  but  contains  8  parts  more  of  water.  Tabrze, 
Silesia. 

UNARm!.    BleOasur,  Kupferbleispath,  Oerm, 

Monoclinic.     0==:  77°  27' ;  I A  I,  over  U,  =  61°  36',  O  A 14  =  141^  6', 

c:b:d  =  0-48134  :  0-5819  : 1,  Ilessenberg.  Twins: 
twinniiig-plane  i-i  conriinon  ;  .  O  A  O'  =  154°  54'. 
Cleavage :  i-i  very  perfect ;   O  less  so. 

H.=2-5.  G. =5.3-5*45.  Lustre  vitreous  or  ada- 
mantine. Color  deep  azure-blue.  Streak  pale  blue. 
Translucent.     Fracture  conchoidal.    Brittle. 

Oomp.— PbCuSOft +aq= (Pb, Cu)S04 + HjCPb, Cu)Oa  =:=  Sulphur  trioxide  20  0,  lead  oride  56  -7, 
copper  oxide  19  8,  water  4  "5 =100. 

Pyr.,  etc, — In  the  dosed  tube  yields  water  and  loses  its  blue  color.  B.B.  on  charcoal  fuses 
easily  to  a  pearl,  and  in  R.F.  is  reduced  to  a  metallio  globule  which  by  continued  treatment 
coats  the  coal  with  lead  oxide,  and  if  fused  boron  trioxide  is  added  yields  a  pure  globule  of 
copper.  With  soda  gives  the  reaction  for  sulphur.  Decomposed  with  nitric  acid,  leaving^  a 
white  residue  of  lead  sulphate. 

Obs. — Formerly  found  at  Leadhills.  Occurs  at  Boughten  Gill,  Red  Qill,  eta ,  in  Cumber- 
laud  ;  near  Schneebeig,  rare;  in  Billenbnrg;  atBetzbanya;  in  Nertschinsk ;  and  near  Beresof 
in  the  Ural ;  and  supposed  formerly  to  be  found  at  Linares  in  Spain,  whence  the  name. 


BROGHANTITB. 

Monoclinic.  O  =  89^  27i'.  7 A /=  104^  6i',  OAl-i=z  154°  12i';  i: 
h  :  d  =  0*61983  :  1*28242  :  1.  Sclirauf  distinguishes  four  types  of  forms : 
I.  Brochantite  from  Retzbanya  (two  varieties),  also  from  Cornwall  and 
Russia,  triclinic ;  IL  Wan^n<ftonite  from  Cornwall,  a  third  variety  from 
Retzbanya,  monoclinic  (?) ;  III.  Brochantite  from  Niscline-Tagilsk,  mono- 
clinic— triclinic ;  IV.  Konigine  from  Russia,  and  a  fourth  variety  from  Retz- 
banya, monoclinic  (or  orthorhombic). 

Also  in  groups  of  acicular  crystals  and  drusy  crusts.  Cleavage :  i-i  very 
perfect;  Z in  traces.     Also  massive;  reniform  with  a  columnar  structure. 

H.=3-5-4.  G.=3-78-3-87,  Magnus ;  3-9069,  G.  Rose.  Lustre  vitreous; 
a  little  pearly  on  the  cleavage-face.  Color  emerald-green,  blackish-green. 
Streak  paler  green.     Transparent — translucent. 

Oomp — 0u4SO7  +  8H,O=0uSO4  +  3H9CuO9=aulphur  trioxide  17-71,  copper  oxide  70*34, 
water  11  '05=100.  This  formula  belongs  to  type  IV.,  above ;  the  warrmgtonite  correspond! 
more  nearly  to  CuS044-8HaCuO^-t-H-jO,  and  the  existence  of  other  yarieties  has  been  also 
assumed. 

Pjrx'.,  etc. — ^Yields  water,  and  at  a  higher  temperature  sulphuric  acid,  in  the  closed  tube, 
and  becomes  black.  B.B.  fuses,  and  on  oharooal  affords  metallio  oopper.  With  soda  giyei 
the  reaction  for  sulphuric  acid. 


0X7G9S  oowfOxnms^'^'^suijnUiTEB.  397 

C1m«— Ooonn  at  GmnesoheTBk  and  NiBchne-Tagilak  in  the  Ural ;  the  KSnigine  (or  K^nigite] 
was  from  GnmeadieYsk:  near  Boughten  Gill,  in  Cnmberland  j  in  Cornwall  (in  part  warring- 
tonite) ;  at  Betzbanya ;  m  Nassau ;  at  Krisuvig  in  Iceland  {knmvigits) ;  in  Mexico  {bumgnar- 
tine) ;  in  Chili,  at  Andacollo  ;  in  Australia. 

Named  after  Brochant  de  Yilliers. 

Langitb. — CuS04+2HaCuOj  +  2aq.  In  crystals  and  concretionary  crusts  of  a  blue  color. 
G.=8-5.     Cornwall. 

Cyanotbiciiite,  Lettsomite.  Eupfersammters,  Oemk — ^In  yelvety  druses.  Color  blue. 
A  hydrous  sulphate  of  copper  and  aluminum.  Moldaya  in  the  Banat.  WooDWARDrrB,  near 
the  above. 

EuoNKiTB — CUSO4  4- NaiS04+2aq= Copper  sulphate  47*2,  sodium  sulphate  421,  water 
10*7=100.  In  irregular  crystaJline  masses  of  a  coarse  fibrous  structure,  prismatia  Coloi 
azure-blue.  Moist  to  the  touch.  Found  in  the  copper  mines  near  Calama,  Bolivia.  {Domeyko,^ 

Philmpite.— -CuSOi+FeSsOia+TUtq.  In  irr^^ar  fibrous  masses,  not  prismatic.  Colui 
blue.     In  the  oordilleras  of  Condes,  Santiago,  Chili     {Domeyko.) 

ENY8ITE.— Occurs  in  staloctitic  forms  in  a  cave.  H,  =2-2*4.  G.=1'60.  Color  bluish- 
preen.  B.B.  infusible.  Analysis:  SO,  812,  AlOa  2985,  CuO  16*91,  CaO  1-35,  H.O  89  42, 
SiO,  3-40,  COa  105=100.     Near  St.  Agnes,  Cornwall    (Collins,  Min  Mag.,  1.  p.  14.) 

UuANiUM-suLPHATsa — There  are  included  here^'d?Aa7tm^6,  uranoehaleits^  medjidUe^  zippdU^ 
voyUanite,  uraeaniie.  These  are  secondaiy  products  found  with  other  nnninm  minerals  at 
Jftuffhiiniithali 


Tkllubatbs. 


MONTANTTB. 


Incrustitig ;  withont  distinct  crvBtalline  structure. 
Soft  and  earthy.     Lustre    dull    to  waxy.    Color  yellowish  to  white. 
Opaque. 

Oomp.— Bis'*reO«+2aq=TeUnrium  triozide  26-1,  bismuth  oxide  68-6,  water  6'3=100. 
Pyr.,  etc.— Yields  water  in  a  tube  when  heated.    B.B.  gives  the  reactions  of  bismnth  and 
laUnrium.     Soluble  in  dilute  hydroohlorio  add. 
Obti^ — ^Inorusts  tetradymite,  at  Highland,  in  Montana ;  DaTidson  Go.,  N.  G. 


DBBCBIFTITS  lcaiBKAU»T. 


7.  CARBONATES. 

ASUTDBOCB  CiLBBONATES. 

Calcite  Group. 

OAIiCTTB.    OaloSpai.    KslkBpstli,  Oa-m. 

Ehombohedral.     ^  A  ^,   tei-minal,  =  105"   6',  Of\E  =  135°  38' ;  i  = 
0-8643.     Cleavi^e:  ^  highly  perfect. 


I  (t  724). 

T. 

Z. 

Bd^el. 

T. 

Z. 

188'  5' 

159°  34' 

64°  64' 

i' 

180^  87' 

164°  1' 

67°  41 

t88°  16' 

lift"  10' 

80°  30' 

-If 

10T°  88' 

145°  IS' 

134°  89 

104°  88- 

144°  84- 

133°  68- 

-f 

117°  38' 

149'  48' 

103°  36 

109'  1' 

184°  28- 

160°  44' 

-«• 

03'  »' 

153°  1«' 

iaa°  19 
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.  Twins :  (1)  Twinning-plane  basal  (or  parallel  to  0).  ^)  R^  the  vertical 
axes  of  the  two  forms  nearly  at  right  angles.  (3)  —2^.  (4^  — ^5,  tie 
vertical  axes  of  the  two  forms  inclined  to  one  another  127®  34 .  (5)  I^ris- 
matic  plane  i-2.     (6)  plane  i  (see  p.  95). 

Also  fibrous,  both  coai*se  and  fine;  sometimes  lamellar;  often graimlar ; 
from  coarse  to  impalpable,  and  compact  to  earthy.  Also  stalactitic,  tube- 
rose, nodular,  and  other  imitative  forms. 

H.=2-5-3-5  ;  some  eaithy  kinds  (chalk,  etc.)  1.  Q.=2-508-2-778 ;  pure 
-rrystals,  2-7213-2-7234,  Beud.  Lustre  vitreous — subvitreous — earthy.  Color 
white  or  colorless ;  also-various  pale  shades  of  gray,  red,  green,  blue,  violet, 
yellow;  also  brown  and  black  when  impure.  Sti-eak  white  or  grayish. 
Transparent — opaque.  Fracture  usually  conchoidal,  but  obtained  with 
difficulty  when  the  specimen  is  crystallized.    Double  refraction  strong. 


729 


730 


781 


Derl^Bhira. 


Alston-Moor. 


Gomp^  Var.->Oalcite  is  caloiam  oarbonate,  Ca00i= Carbon  dioxide  4^  lime  56=100. 
Part  of  the  calcium  is  Bometimes  replaced  by  magnesium,  iron,  or  manganese,  more  rarely  by 
strontium,  barium,  zinc,  or  lead. 

The  yarietios  are  very  numerous,  and  diverse  in  appearance.  They  depend  mainly  on  the 
following  points :  (1)  differences  in  crystallization;  (2)  in  structural  condition,  the  extremet 
being  perfect  crystals  and  earthy  massive  forms ;  (3)  in  color,  diaphaneity,  odor  on  friction, 
due  to  impurities ;  (4)  in  modes  of  origin. 

1.  Gryttullieed.  Crystals  and  crystallized  masses  afford  easily  cleavage  rhombohedrons ;  and 
when  transparent  they  are  caUed  loeiand  Sporr^  and  also  Doubly -rtfraeting  Spcvr  (Doppels* 
path,  Germ,). 

The  crystals  vary  in  proportions  from  broad  tabular  to  moderately  slender  acicular,  and 
take  a  great  diversity  of  forms.  But  the  extreme  kinds  so  pass  into  one  another  through  those 
that  are  intermediate  that  no  satisfactory  daasiflcation  is  possible.  Many  are  stout  or  shori 
in  shape  becan-^i  normaUy  so.      But  other  forms  that  are  long  tapering  in  their  full  develop^ 
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ment  oocnr  shorfe  and  stout  because  abbreviated  by  an  abrupt  termination  in  a  broad  Oy  or  an 
obtuse  rhombohedron  (as  -^  or  R]^  or  a  low  scalenohedron  (as  i'),  or  a  oombiuation  of  those 
forms ;  and  thus  the  crystals  haying  essentially  the  same  combinations  of  planes  vary  greatly 
in  shape.     The  acute  scalenohedrons  like  f.  724,  are  called  dog-tooth  spar. 

Fontainebleau  limestone.  Crystals  of  the  form  in  f.  710c,  from  Fontainebleau  and  Nen.onrs, 
France,  containing  a  large  amount  of  sand,  some  50  to  63  p.  c.  Similar  sandstone  crys- 
tals occur  at  Sievring,  near  Vienna,  and  elsewhere.  Pseudomorphous  scalenohedrons  of  sand- 
stone, after  calcite,  are  found  near  Heidelberg. 

Satin  Sfxir ;  fine  fibrous,  witih  a  silky  lustre.  Besembles  fibrous  gypsum,  which  is  also 
called  satin  spar,  but  is  much  harder  and  effervesces  with  adds.  Argentine  (Schieferspat/iU 
a  pearly  lamellar  calcite,  the  lamellas  more  or  less  undulating ;  color  white,  grayish,  yellowish, 
or  reddish.  Aphrite^  in  its  harder  and  more  sparry  variety  {Scfiaumspath)  is  a  foliated  wliite 
pearly  calcite,  near  argentine ;  in  its  softer  kinds  (Schawncrds^  Silverg  Chalk,  Ecume  de  I'erre 
H.)  it  approaches  ohalk,  though  lighter,  pearly  in  lustre,  silvery- white  or  yellowish  in  color, 
soft  and  greasy  to  the  touch,  and  more  or  \e8»  scaly  in  structure. 

2.  Massive  Varieties,  Oranidar  limestone  {8'iocharoidal  Umeatone^  so  named  beoause  like  loaf  <> 
sugar  in  fracture).  The  texture  varies  from  quite  coarse  to  very  fine  granular,  and  the  latter 
passes  by  imperoeptible  shades  into  compact  limestone.  The  colors  are  various,  as  white, 
yellow,  reddish,  green,  and  usually  they  are  clouded  and  give  a  handsome  effect  when  the 
material  is  polished.  When  such  limestones  are  fit  for  polishing,  or  for  architectural  or  orna- 
mental use,  they  are  called  marbles.  Statuary  marble  is  pure  white,  fine  grained,  and  firm 
in  texture.  Hard  compact  limestone,  varies  from  nearly  pure  white,  through  grayish,  drab, 
buff,  yellowish,  and  reddish  shades,  to  bluish-gray,  dark  browmsh-gnray,  and  black,  and  is  some- 
times varioubly  veined.  The  colors  dull,  excepting  ochre-yellow  and  oohre-red  varieties. 
Many  kinds  moke  beautiful  marble  when  polished. 

S/iell-marble  includes  kinds  cons  sting  largely  of  fossil  sheik.  Ruin'marble  is  a  kind  of  com- 
pact calcareous  marl,  showing,  when  polished,  pictures  of  fortifications,  temples,  etc. ,  in  ruins, 
due  to  infiltration  of  oxide  of  iron.  LiUwgrapJm  stone  is  a  very  even  grained  compact  lime- 
stone, usually  of  buff  or  drab  color ;  as  that  of  Solenhofen.  Breccia  marb.e  is  made  of  frag- 
ments of  limestone  cemented  together,  and  is  often  veiy  beautiful  when  the  fragments  are  of 
different  colors,  or  are  imbedded  in  a  base  that  contrasts  well.  The  colors  are  very  various. 
Pudding  stone  marble  consists  of  pebbles  or  rounded  stones  cemented.  It  is  often  called, 
improperly,  breccia  marble. 

Hydratdic  limestone  is  an  impure  limestone.  The  varieties  in  the  United  States  contain  20 
to  40  p.  o.  of  magnesia,  and  12  to  30  p.  c.  of  silica  and  alumina. 

Sop  compact  Umestone,  Chalk  is  white,  grayish -white,  or  yellowish,  and  soft  enough  to 
leave  a  trace  on  a  board.  The  consolidation  into  a  rock  of  such  softness  may  be  owing  to  the 
fact  that  the  material  is  largely  the  hollow  shells  of  rhizopods.  Calcareous  maH  (Meigel- 
kalk,  Oerm. )  is  a  soft  earthy  deposit,  often  hardly  at  all  consolidated,  with  or  without  dis- 
tinct fragments  of  shells  ;  it  generally  contains  much  clay,  and  graduates  into  a  calcareoua 
clay. 

Goncretionarg  massive.  OdUte  (Etogenstein,  Germ,)  is  a  granular  limestone,  but  its  grains 
are  minute  rounded  concretions,  looking  somewhat  like  the  roe  of  a  fish,  the  name  coming 
from  *ooif^  egg.  It  occurs  among  all  the  geological  formations,  from  the  Lower  Silurian  to 
the  most  recent,  and  it  is  now  forming  about  the  ooral  reefs  of  Florida.  Pisolite  (Erbsentein, 
Gernn.)  consists  of  concretions  as  large  often  as  a  small  pea,  or  even  larger,  the  concretions 
having  usually  a  distinct  concentric  structure.  It  is  formed  in  large  masses  in  the  vicinity  of 
the  Hot  Springs  at  Carlsbad  in  Bohemia. 

Deposited  from  caiecMreous  springs,  streams,  or  in  caverns,  etc.  (a)  Stalactites  are  the  calcareous 
cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are  formed  Irom 
the  waters  that  drip  through  the  roof ;  these  waters  hold  some  calcium  bicarbonate  in  solu- 
tion, and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation  takes  place.  Sta- 
lactites vary  from  transparent  to  nearly  opaque ;  from  a  granular  orystalline  structure  to  a 
radiating  fibrous ;  from  a  white  color  and  colorless  to  yellowish-gray  and  brown,  {b)  Stalag* 
mite  is  the  same  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that 
drop  from  the  roofs,  or  from  sources  over  the  bottom  or  sides ;  cones  of  it  sometimes  rise  from 
the  floor  to  meet  the  stalactites  above. 

(<j)  Calc-sinter,  2'ravertine,  Calc  Tufa,  Travertine  {Confetto  di  TitoU)  is  of  essentially  the 
same  origin  with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially 
where  in  large  deposits,  as  along  the  river  Anio,  at  Tivoli,  near  Rome,  where  the  deposit  is 
■cores  of  feet  in  tJiickness.  It  has  a  very  cavernous  and  irreg^ularly  banded  structure,  owing 
to  its  mode  of  formation. 

((f)  Agaric  mneral;  Bock-milk  {BergmHeh^  MbntmUeh,  Germ.)  is  a  very  soft,  white  material, 
breaking  easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  souzoes  holding  Urns 
in  solution. 
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(#)  IMI>msail  {Bergmehl,  Gkrm.)  is  white  and  light,  like  cotton,  becoming  a  powder  on  the 
lightest  preasnra  It  is  an  ettiorescence,  and  is  common  near  Paris,  especially  at  the  quarries 
of  Nanterre. 

^jr,f  eto. — ^In  the  closed  tube  sometimes  decrepitates,  and,  if  containing  metallic  oxides, 
may  change  its  color.  B.B.  infosible,  but  becomes  caustic,  glows,  and  colors  the  flaiue  red  ' 
after  ignition  the  assay  reacts  alkaline ;  moistened  with  hydrochloric  acid  imparts  the  charac- 
teristic lime  color  to  the  flame.  In  borax  dissolves  with  effervescence,  and  if  saturated, 
yields  on  cooling  an  opaque,  milk-white,  crystalline  bead.  Varieties  containing  metallic 
oxides  color  the  borax  and  salt  of  phosphorus  beads  accordingly.  With  soda  on  platinum  foil 
fused  to  a  clear  mass ;  on  charcoal  it  at  first  fuses,  but  later  the  soda  is  absorbed  by  the  coal, 
leaving  an  infusible  and  strongly  luminous  residue  of  lime.  In  the  solid  mass  effervesces 
when  moistened  with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  even 
in  cold  acid. 

Diff. — Distinguishing  characters :  perfect  rhombohedral  cleavage ;  softness,  can  be  scratched 
with  a  knife  ;  effervescence  in  cold  dUute  acid ;  inf usibility.  Less  hard  and  of  lower  specifio 
gravity  than  aragonite. 

Obs. — Andreasberg  in  the  Harz  is  one  of  the  best  European  localities  of  crystallized  calcite ; 
there  are  other  localities  in  the  Tyrol,  Styria,  Garintbia,  Hungaiy,  Saxony,  Hesse  Darmstadt 
(at  Auerbach),  Hesse  Cassel,  Norway,  France,  and  in  England  in  Derbyshire,  Cumberland, 
Cornwall ;    Scotland ;  in  Iceland. 

In  the  XT.  States  prominent  localities  are :  in  If.  York,  in  St.  Lawrence  and  Jefferson  Cos., 
especially  at  the  Rossie  lead  mine  ;  in  Antwerp;  dog-tooth  aprtr^  in  Niagara  Co.,  near  Lock- 
port  ;  near  Booneville,  Oneida  Co.  ;  at  Anthony^s  Nose,  on  the  Hudson ;  at  Watertown, 
Agaric  imnercU ;  at  Schoharie,  fine  ataiactites  in  many  caverns.  In  Conn, ,  at  the  lead  mine, 
Middletown  In  N.  Jerst^^  at  Beigen.  In  Virginia^  at  the  celebrated  Wier's  cave,  stalactites 
of  great  beauty ;  also  in  the  lazge  caves  of  Kentucky.  At  the  Lake  Superior  copper  mines, 
splendid  crystals  often  containing  scales  of  native  copper.  At  Warsaw,  Illinois  ;  at  Quinqy. 
70.  y  at  Hazle  Green,  Wis.    In  Nova  Scotia,  at  Partridge  L 


DOLOMITE. 

Ehombohedral.  5a^  =  106°  15',  (?A^  =  136°  8i';  (5  =  0-8322. 
HaB  varies  between  106°  10'  and  106°  20'.  Cleavage : 
H  perfect.  Faces  Jt  often  ciirved,  and  secondary 
planes  usually  with  horizontal  striae.  Twins :  similar 
to  f .  733.  Also  in  imitative  shapes ;  also  amorphous, 
granular,  coarse  or '  fine,  and  grains  often  slightly 
coherent. 

II.= 3-5-4.  G.=2-8-2-9,  true  dolomite.  Lustre  vit- 
reous, inclining  to  pearly  in  some  varieties.  Color  white,  reddish,  or  green- 
ish-white ;  also  rose-red,  green,  brown,  gray,  and  black.  Subtransparent  to 
translucent.     Brittle. 

Oomp.,  Var. — (Ca,Mgf)G03,  the  ratio  of  Ga  :  Mg  in  normal  or  true  dolomite  is  1  :  l=Cal- 
citim  carbonate  54*35,  magnesium  carbonate  45*65.  Some  kinds  included  under  the  name 
have  other  proportions  ;  but  this  may  arise  from  their  being  mixtures  of  dolomite  with  calcite 
or  magnesite.     Iron,  manganese,  and  more  rarely  cobalt  or  zinc  are  sometimes  present. 

The  varieties  are  the  following : 

Crystallized  Pearl  spar  includes  rhombohedral  crystallizations  with  curved  faces.  Coluvv- 
nar  or  fibrous.  OraniUar  constitutes  many  of  the  kinds  of  white  statuary  marble,  and  white 
and  colored  architectural  marbles,  names  of  some  of  which  have  been  mentioned  under  calcite. 

Compact  inas9ive,  like  ordinary  limestone.  Many  of  the  limestone  strata  of  the  globe  are 
here  Included,  and  much  hydraulic  Umestone,  noticed  under  calcite. 

Feirrifefrous  ;  Brown  spar^  in  part.  Contains  iron,  and  as  the  proportion  increases  it  gradu- 
ates into  ankerite  (q.  v.).  The  color  is  white  to  brown,  and  becomes  brownish  on  exposure 
through  oxidation  of  the  iron.  Manganiferous.  Colorless  to  flesh-red.  i2Ai2=106°  28'* 
106°  16'.     CobaUiferaus.    Colored  reddish ;  G.=  2  021,  Gibbs. 

The  varieties  based  on  variations  in  the  proportions  of  the  carbonates  are  the  following : 
(«)  Normal  dolomite^  ratio  of  Ca  to  Mg=l :  1,  {b)  ratio  li  :  1=8  :  2 ;  iatio=2  :  1 ;  ratio  3  : 
1 ;  zatio=6  :  1 ;  ratio  1  :  8.    The  last  (/)  may  be  ddomitio  magnesite ;  and  the  others,  from- 
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{b),  dolomitio  oaloite,  or  oaldte -i- dolomite.  The  manner  in  which  dolomite  is  ofted  mixed 
with  oaloite,  forming  its  yeine  and  its  fossil  shells  (see  below),  shows  that  this  is  not  improb- 
able. 

Pyr.,  eto. — ^B.B.  acts  like  calcite,  but  does  not  give  a  dear  mass  when  fnsed  with  soda  on 
platinnm  folL  Fragments  thrown  into  cold  acid  are  yery  slowly  acted  npon,  while  in  powder 
in  warm  acid  the  mineral  is  readilj  dissolved  with  effervescence.  The  ferriferous  dolomites 
become  brown  on  exposure. 

DiflEi — Resembles  calcite,  but  generally  to  be  distingfuished  in  that  it  does  not  effervesce 
readily  in  the  mass  in  cold  acid. 

Obs. — Massive  dolomite  constitutes  extensive  strata,  called  limestone  strata,  in  variona 
regions.  Crystalline  and  compact  varieties  are  often  associated  with  serpentine  and  other 
magnesian  rocks,  and  with  ordinary  limestones.  Some  of  the  prominent  localities  are  at  Salz- 
burg; the  Tyrol;  Schemnitz  in  Hungrary;  Kapnik  in  Transylvania;  Freibeig  in  Saxon j; 
the  lead  mines  at  Alston  in  Derbyshire,  etc. 

In  the  U.  States,  in  Vormant,  at  Boxbury.  In  Bkode  Idand^  at  Smithfield.  In  If.  Jersejfj 
at  Hoboken.  In  If.  Tork^  at  Lookport,  Niagara  Falls,  and  Rochester  ;  also  at  Glenn^s  Falla, 
in  Richmond  Co.,  and  at  the  Parish  ore  bed,  St.  Lawrence  Co.;  at  Brewster,  Putnam  Co. 

Named  after  Dolomieu,  who  announced  some  of  the  marked  characteristics  of  the  mck  in 
1791 — its  not  effervescing  with  acids,  while  burning  like  limestone,  and  its  solubility  after 
heating  in  adds. 


ANKBKITB. 

Rhombohedral.  i?  A  5  =  106°  7^  Zepharovich.  Also  cryBtalHne  mas- 
Bive,  coarse  or  fine  granular,  and  compact. 

H.=3'6-4.  G.=2*95-3'l.  Lustre  vitreous  to  pearly.  Color  white,  gray, 
reddish.     Transhicent  to  subtranslncent. 

Oomp. — CaCOs + PeCO«  H-a?(0aMgCaOa).  Here,  according  to  Boricky,  x  may  have  the  Taluee 
tt  1»  tf  li  ^1  ^1  ^>  ^*  ^9  10*  ^h®  yarietles  having  the  five  higher  values  of  x  he  calls  paran- 
keritSy  while  the  others  are  normal  ankente.  If  2=1,  the  formula  is  equivalent  to  2CaC0a4- 
MgCOt+FeCOt,  and  requires:  Calcium  carbonate  50,  msgnesium  carlK)nate '21,  iron  carbon- 
ate 20=100.     Manganese  is  also  sometimes  present. 

Pyr.,  etc. — B.B.  like  dolomite,  but  darkens  in  color,  and  on  charooal  becomes  black  and 
magnetic ;  with  the  fluxes  reacts  for  iron  and  manganese.  Soluble  with  effervescence  in  the 
acids. 

Obs. — Occurs  with  siderite  at  the  Si^rian  mines ;  in  Bohemia;  Siegen ;  Schneebeig ;  Nora 
Scotia,  etc. 


BSAONESITB. 

Rhombohedral.  IiAE=  107^  29',  0  A i?  =  136^  66' ;  c-  0-8095. 
Cleavage:  rhombohedral,  perfect.  Also  massive;  granular,  to  very  com- 
pact. 

H.=3-5-4-5.  G.=3-3-08,  eryst;  2*8,  earthy;  8-3'2,  when  ferriferons. 
Lustre  vitreous ;  fibrous  varieties  sometimes  silky.  Color  white,  yellowish 
or  grayish-white,  brown.     Transparent— opaque.     Fracture  flat  conchoidal. 

Var. — Ferriferous,  Breunerite  ;  containing  several  p.  o.  of  iron  protoxide ;  G.  =8-8'55 , 
wMte,  yellowish,  brownish,  rarelj  black  and  bituminous;  often  becoming  brown  on  exposure, 
and  hence  called  Broion  Spar, 

Oomp. — Magnesium  carbonate,  MgOOi= Carbon  dioxide  52  4,  magnesia  47 -6= 100;  but  iron 
often  replacing  some  magnesium. 

Pyr.,  etc.— B.  U.  resembles  calcite  and  dolomite,  and  like  the  latter  is  but  slightly  acted 
upon  by  cold  acids ;  in  powder  is  readilj  dissolved  with  effervescence  in  wann  hydrochloric 
acid. 

Obs. — Found  in  talcose  schist,  serpentine,  and  other  magnesian  rocks ;  as  veins  in  serpen- 
tine, or  mixed  with  it  so  as  to  form  a  variety  of  vezd-aatique  marble  {magnmtie  opfdoUU  of 
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Dnnt):  ftlM  in  Canada,  ti^Todk,  more  Qr'leHapBra,  sGBoinatsd  with  steatite,  serpentine,  and 
dolomite. 

Occam  at  HmbschQti  in  Momvia;  in  StTiia,  and  In  the  Tjrol;  at  FrankenHteia  in  Silesia; 
Snamm,  Norway  ;  Bandissero  and  CaetellamoDte  in  Piedmonc  In  Amerioa,  aC  Bolton,  Hasa.; 
at  Barehilla,  near  Baltimore,  Md.  ;  in  Penn.,  at  West  Qoahen,  Chester  Co.  ;  near  Texas,  Lan- 
caster Co.  i  Ualitonua. 

UBHiTrrtc  and  Pibtiimksite  come  nndertlie  general  formula  (Ug,Fe)COt ;  with  the  foimei 
Hg  :  Fa=2  :  1  ;  with  the  latter=l  :  1. 

SISBBITE>    Spathic  Tron.     Ohalybite.  Eiianspath,  Qtrm. 
Khoraboliedr;.!.     RhR=  107%  0 Ml  =  136°  ZV \   c  =  0-81715.     The 
faces  often  curved,  as  below.     Cleavage :  rhoin- 
bohedral,  perfect.    Twins ;  twinniiig-piane  —J.  785 

Also  in  botrjoidal  and  globular  forms,  8iib- 
fibrom  witliiii,  oceaGionallj'  silky  iibrotis.  Often 
eleavable  massive,  with  cleavage  planes  nndu- 
lating.     Coarse  or  fine  jjrannlar. 

E.=3-5-4-5.  G.=3-7-3-9.  Lustre  vitreons, 
more  or  less  pearly.  Streak  wliite.  Color  a.sh- 
gray,  yellowish-gray,  greenisii-gray,  also  bn)wn 
and  brownish-red,  rarely  green ;  and  stimetimes 
white.  Trarishieeiit — siibtraiislnceiit.  Fracture 
uneven.     Brittle. 

Oomp.,  7ar. — Ironoarbonate,FeCOi  =  CaTboD  dioxide  37-9.  iron  proto^deSS'l.  But  part 
of  the  iron  nanally  replaced  by  manganese,  and  often  bj  magnesiiuu  or  calcinm.  Some 
varietiea  oontain  8-10  p.  c.  MnO. 

The  principal  Tarietics  are  the  toUowmg: 

(1)  Ordinary,  {a)  CrT/itnUued.  (S)  C(mer«ticn(iry^Hphgro*idenl«  ;  hngXohvita  concreUotm, 
eiUier  aolid  or  concentric  scbI;.  with  usaallj  a  fibrous  stractnre.  (c)  Oraitular  to  eompnut  miu- 
titie.  {d)  Oolitic,  like  oolitic  limestone  in  Btrui^tare.  (;)  Karthj/,  at  Eton;,  impure  from 
mixture  with  clay  or  eond.  conatltuting-  a  la^e  part  nf  the  clay  iron-stone  of  the  coal  forma- 
tion and  other  stratified  deposits ;  H.  =  3  to  7,  the  loat  from  the  silica  present;  O.  =30-3-8, 
or  mostly  ai5 -3 -6.1. 

Pyr.,  ate. — In  the  cloeed  tnbe  decrepitates,  evolves  carbon  oxide  and  carbon  dioxjds, 
blackens  and  becomes  magnetic.  B.B.  blackens  and  fuses  at  45.  With  Che  fluxes  reacts  (or 
lion,  and  with  soda  and  nitre  oa  plntiuoiu  foil  generally  gives  a  manganese  reaction.  Only 
alowlj  acted  upon  by  cold  acid,  but  dissolves  with  brisk  eflervesoenoe  in  hot  hydrochloric  add. 

Diff.—Specifit:  grKvicy  hig-her  than  that  of  oalcite  and  dolomite.     B.B,  beoomea  magnstio 

Obs. — Siderite  occurs  in  many  ot  the  rook  strata,  in  gneiss,  mica  slate,  day  slate,  and  aa 
oUy  iron-stone  in  connection  with  the  Coal  formation  and  many  other  stratified  deposits.  It 
is  often  associoted  with  metallic  orea.  At  Freiberg  it  occurs  in  silver  mines.  In  Cornwall  it 
aooompanicB  tin.  It  is  also  faitnd  accompanying  copper  and  iron  pyrites,  galenite,  vitreoul 
copper,  ebx  In  New  York,  according  to  Beck,  it  is  almost  always  associated  with  specular, 
iron.  In  the  r^onin  and  about  l:il,yriB  and  Corinthiathis  ore  forms  extensive  tracts  in  gneias. 
At  Hangerode  in  the  Han,  It  occnni  in  fine  crystals ;  aUo  in  Cornwall,  Alatun-Moor,  and 
Devonshire  ;  near  Htnwow  ;  also  at  Mouillar,  Magescote,  etc,  in  France,  eto. 

In  the  U.  States,  in  VarmonC.  at  Plymonth.  In  Miint..  at  SterLng.  In  Conn. .  at  Roibury. 
In  If.  York,  at  the  Sterling  ore  bed  in  Antwerp,  Jefferson  Co. ;  at  the  Roasie  iron  mines,  St. 
Lawienoe  Co.  In  N.  C'aroUaa,  at  Fentress  and  Harlem  mines.  The  argillaceoua  oarbooate, 
in  nodn lea  and  beds  (clay  iron-stone},  is  nbnndaut  in  tbe  coal  regions  of  Peon. ,  Ohio,  and  many 
parts  of  tbe  country. 

RHODOOHROSrrs.*  Dialogite.    Hanganspath,  Germ. 
Rhnmbohedral.      liAB^lOS"   51',   6'a/^=136''  31^';    (•  =  0-8211. 
Cleavage  :  H,  perfeet.      Also  globular  and  botryoidal,  having  a  coluinuai 
etnicture, sometimes  indistinct     Also  granular  massive;  oucaeiuually  im 
l>nlpable;  iuerueting. 
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H.=3*5-4-5.  Q.=8'4-3*7.  Lustre  vitreous,  inclining  to  pearly.  Coloi 
shades  of  rose-red,  yellowish-graj'^,  fawn-colored,  dark  red,  bi*own.  Streak 
white.    Translucent — subtranslucent.     Fracture  uneven.     Brittle. 

Comp. — MnGOa= Carbon  dioxide  38*3,  manganese  protoxide  61*7;  but  part  of  the  man- 
ganefle  usaaily  replaced  by  caldum,  and  often  also  by  magnesium  or  iron  ;  and  sometimes  bj 
cobalt. 

Pyr.,  etc. — B.B.  changres  to  gray,  brown,  and  black,  and  decrepitates  strongly,  but  is  in- 
fusible. With  salt  of  phosphorus  and  borax  in  CF.  gives  an  amethystine-colored  bead  in 
ILF.  becomes  colorless.  With  soda  on  platinum  foil  a  bluish-green  manganate.  Dissolveii 
with  effervescence  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changes  to  brown,  and 
M>me  bright  rose-red  varieties  become  paler. 

Obs. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead,  and  copper,  and  with  other 
ores  of  manganese.  Found  at  Schemuitz  and  Eapnik  in  Hungary  ;  Nagyiig  in  Tran^lvania ; 
near  Elbingerode  in  the  Harz ;  at  Freiberg  in  Saxony. 

Occurs  in  New  Jersey,  at  Mine  Hill,  Franklin  Furnace.  Abundant  at  the  silver  mines  of 
Austin,  Nevada ;  at  Placentia  Bay,  Newfoundland. 

Named  thododirmte from  ^^8oy,  a  rose^  and  xp<^^h  color;  and  didhpte^  from  8ta\07^,  doubt. 


SMITUSONITI].    Calamine  pt     Galmei  pt     Zinkspath,  Oerm. 

Rhombohedral.  ^A^=107°  40',  (?A^  =  137°  3';  c  =.0-8062.  12 
generally  curs^ed  and  rough.  Cleavage :  H  perfect.  Also  reniform,  botry- 
oidal,  or  stalactitic,  and  in  crystalline  incrustations;  also  granular,  and 
sometimes  impalpable,  occasionally  earthy  and  friable. 

H.=5.  G.=4-4'4:5.  Lustre  vitreous,  inclhiing  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenish,  brownish-white,  sometimes  green 
and  brown.  Subtransparent — translucent.  Fracture  uneven — imperfectly 
conchoidal.     Brittle. 

Oomp.,  Var. — ZnCOt=:  Carbon  dioxide  35*2,  zinc  oxide  64  8 =100;  but  part  of  the  zinc 
often  replaced  by  iron  or  manganese,  and  by  traced  of  calcium  and  magnesium ;  sometimes 
by  cadmium. 

Varieties. — (1)  Ordinary,  (a)  Crystallized;  {b)  botryoidal  and  stalactitic^  common;  (c) 
granular  to  compact  massive;  {d)  earthy^  impure,  in  nodular  and  cavernous  masses,  varying 
from  grayish- white  to  dark  gpray,  brown,  brownish-red,  brownish-black,  and  often  with  diusy 
surfaces  in  the  cavities  ;  '*  dry- bone"  of  American  miners. 

Pyr.,  etc. — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  and 
colorless  on  cooling.  B.B.  infusible;  moistened  with  cobalt  solution  and  heated  in  O.F.  g^ves 
a  green  color  on  cooling.  With  soda  on  charcoal  gives  zinc  vapors,  and  coats  the  coal  yellow 
while  hot,  becoming  white  on  cooling ;  this  coating,  moistened  with  cobalt  solution,  gives  a 
green  color  after  heating  in  O.  F.  Cadmif erous  varieties,  when  treated  with  soda,  give  at 
first  a  deep  yellow  or  brown  coating  before  the  zinc  coating  appears.  With  the  fluxes  some 
varieties  react  for  iron,  copper,  and  manganese.  Soluble  in  hydrochloric  acid  with  effervea< 
cence. 

Diff. — Distinguished  from  calamine  by  its  effervescence  in  acids. 

Obs. — Smithsonite  is  found  both  in  veins  and  beds,  especially  in  company  with  galeuite 
and  blende  ;  also  with  copper  and  iron  ores.  It  usually  occurs  in  calcareous  rocks,  and  is 
generally  associated  with  calamine,  and  sometimes  with  limonite.  It  is  often  produced  by 
the  action  of  zinc  sulphate  upon  calcium  or  magnesium  carbonate. 

Found  at  Nertsohinsk  in  Siberia  ;  at  Dognatzka  in  Hungary ;  Bleiberg  and  Raibel  in  Garin- 
thia ;  Moresnet  in  Belgium.  In  England,  at  Boughten  Gill,  Alston  Moor,  near  Matlock,  in 
the  Mendip  Hills,  and  elsewhere ;  in  Scotland,  at  Leadhilis;  in  Ireland,  at  Donegal. 

In  the  U.  States,  in  N,  Jersey^  at  Mine  Hill,  near  the  Franklin  Furnace.  In  Penn,^  at 
Lancaster  abundant ;  at  the  Perkiomen  lead  mine ;  at  the  Ueberroth  mine,  near  Bethlehem. 
In  Wisconsin^  at  Mineral  Point,  Shullsburg,  etc.  In  Minnesota,  at  Swing's  diggings,  N.  W. 
of  Dubuque,  etc.  In  Miisouri  and  Arkansas,  along  with  the  lead  ores  in  Lower  SiluEian 
limestone. 
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Aragonite   Chrov^. 


ABAaONTTB. 

Ortborhombic  /  A  7  =  116°  10',  (?  A  l-i  =  130°  60' ;  c\l\d^  1-1571 
:  1-6066  : 1.  (?  A  1  =  126°  16',  (?  A 1-2  =  137°  16',  1^  A 1-4,  top,  :=  108° 
26'.  Crystals  usually  baving  O  striated  parallel  to  the  shorter  diagonal ; 
often  tapering  from  the  presence  of  acute  domes  and  pyramids,  which  have 
nnnsnal  indices.  Cleavage:  /  imperfect;  iri  distinct;  1-i  imperfect. 
Twins :  twinning-plane  7,  producing  often  hexagonal  forms,  f .  738,  compare 
figures  on  pp.  96,  97.  Twinning  often  many  times  repeated  in  the  same 
crystal,  producing  successive  reversed  layers,  the  alternate  of  which  may  be 
exceedingly  thin ;  often  so  delicate  as  to  pixxiuce  by  the  succession  a  fine 
striation  of  the  faces  of  a  prism  or  of  a  cleavage  plane.  Also  globular, 
reniform,  and  coralloidal  shapes;  sometimes  columnar,  composed  of 
straight  and  divergent  fibres ;  also  stalactitic ;  incrusting. 


787 


788 


a 


u 


a 


T^ 


H.=3*6-4.  G.= 2*931,  Haidinger.  Lustre  vitreous,  sometimes  inclin- 
ing to  resinous  on  surfaces  of  fracture.  Color  white ;  also  gray,  yellow, 
green,  and  violet ;  streak  uncolored.  Transparent — translucent.  Fracture 
subconchoidal.     JBrittle. 

Var. — ^1.  Ordinary,  {a)  OryBtalliied  in  simple  or  oomponnd  oxystalB,  the  latter  mnch  the 
most  common ;  often  in  radiating  groups  of  aoicnlar  oiystals.  (b)  Goinmnar ;  a  fine  fibrons 
variety  with  silky  lustre  is  oaUed  Satin  spar,  {o)  Massive.  Stalactitio  or  stalagmitie  (either 
oompact  or  fibrons  in  stmotnre),  as  with  oaloite ;  Sprudeistein  is  stalactitio  from  Carlsbad. 
OoraUoidal;  in  groupings  of  delicate  interlacing  and  coalescing  stems,  of  a  snow-white  color, 
■nd  looking  a  little  like  coral. 

Oomp. — OaCOi,  like  calcite,=  Carbon  dioxide  44,  lime  56=100. 

Pyr.,  etc. — B.B.  whitens  and  falls  to  pieces,  and  sometimes,  when  containing  strontia,  im- 
parts a  more  intensely  red  color  to  the  .flame  than  lime ;  otherwise  reacts  like  oalcite. 

Difil— See  caldte,  p.  401. 

Obs. — The  most  common  repositories  of  aragonite  are  beds  of  gypsum,  beds  of  iron  ore 
(where  it  occurs  in  coralloidal  forms,  and  is  denominated  fios-ferri^  ^''flower  of  inron^^^  Eisen- 
bl&the,  Oerfn.)^  basalt,  and  trap  rock;  occasionaUy  it  occurs  in  lavas.  It  is  often  assodatod 
with  copper  and  pyrite,  galenite,  and  malachite. 

First  discovered  in  Aragon,  Spain  (whence  its  name),  at  Molina  and  Valencia.  Since 
found  at  Bilin  in  Bohemia;  at  Herrengrund  in  Hungazy,  f.  738 ;  at  Baumgarten  in  SilesiA; 
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ftt  LeogKng  in  Salxbnig ;  in  Waltach,  Bohemia,  and  many  other  places.  The  flotferri  yariatr 
is  found  in  great  pe^ection  in  the  Styrian  mines.  In  Buckinghamtihiie*  Devonshire,  lu 
oavems ;  at  I^adhills  in  Lanarkshire. 

Occurs  in  serpentine  at  Hoboken,  K.  J.;  at  Edenville,  N.  Y.;  at  the  Parish  ore  bed,  Ro&sie, 
N.  Y.;  at  Haddam,  Conn.;  at  New  Garden,  in  Chester  Co.,  Penn.;  at  Wood's  Mine,  Lancm- 
ter  Co.,  Penn.;  at  Warsaw,  HI.,  lining" geodes. 

MANOANOCALCiT9-~Composition  2MnC03+(Ca,Mg)C08,  with  a  little  iron  replacing  part 
of  the  manganese.    G.  —8*037.     Color  flesh-red  to  reddish-white.    Bchemxiitz^  Hongai^. 
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WrrHBRITB. 

Orthorhombic.     /A /=  118°  30',  O A  1-i  =  128°  ^5';  c:i:d  =  1-246  : 

1*6808  : 1.  Twins :  all  the  annexed  figures,  com- 
position parallel  to  /;  reentering  angles  some- 
times observed.  Cleavage :  /  distinct ;  also  in 
globular,  tuber. )6ej  and  botryoidal  forms;  struc- 
ture either  columnar  or  granular ;  also  amor- 
phous. 

H.=:3-3-75.  G.=4-29-4-35.  Lusti-e  vitreous, 
inclining  to  resinous,  on  surfaces  of  fracture. 
Color  white,  often  yellowish,  or  grayish.  Sti*eak 
white.  Subtransparent — translucent.  Fracture 
uneven.    Brittle. 

Oomp.—BaCO,= Carbon  dioxide  22-3,  baryta  77*7-100. 
Pyr.,  etc. — B.B.  fuses  at  2  to  a  bead,  coloring  the  flame  yel- 
lowish-green; after  fusion  reacts  alkaline.  B.B.  on  charcoal 
with  soda  fuses  easily,  and  is  absorbed  by  the  ooal.  Soluble 
In  dilute  hydrochloric  add;  this  solution,  even  when  very  much  diluted,  gives  Vith  sulphuric 
acid  a  white  precipitate  which  is  insoluble  in  acids. 

Diff. — Distinguishing  characters :  high  specific  gravity  ;  effervescence  with  acids ;  green 
coloration  of  the  flame  B.B. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland ;  at  Fallowfield,  near  Hexham  in  Northumber- 
land ;  Tamowitz  in  Silesia  ;  Leogang  in  Salzburg  ;  Peggau  in  Styria ;  some  places  in  Sicily  ; 
the  mine  of  Arqueros,  near  Coquimbo,  Chili ;  near  Lexington,  Ky.,  with  barite. 

Witherite  is  extensively  mined  at  Fallowfield,  and  is  used  in  chemical  works  in  the  manu- 
facture of  plate-glass,  and  in  France  in  making  beet- sugar. 
Bbomlite. — Formula  as  for  barytocalcite,  but  orthorhombic  in  form. 


8TRONTIANITE. 

Orthorhombic.     /A  /=  117°  19',  (?  A  l-i  =  130°  6';  c:i:d  =  11883  : 

1-6421  : 1.  (?  A 1  =  125°  48',  O  A  l-«  ==  144°  0', 
1  A 1,  mac,  =:  130°  1',  1  A  1,  brach.,  =  92°  11'. 
Cleavage :  J  nearly  perfect,  i-l  in  traces.  Crys- 
tals often  acicular  and  in  divergent  groups. 
Twins:  like  those  of  aragonite.  (y  nsnaUy  sti-i- 
.        -  *         yy       ated  parallel  to  the  shorter  diagonal.     Also  in 

V  ^ yy  columnar  globular  forms ;  fibrous  and  granular. 

^^       V      ^^5>  II.=3-5-4.     G.=3-605-3-7l3.     Lustre   vitre- 

ous ;  inclining  to  resinous  on  uneven  faces  of 
fracture.  Color  pale  asparagus-green,  apple-green  ;  also  white,  gray,  yel- 
low, and  yellowifih-brown.  Streak  white.  Transparent — ^translucent. 
Fracture  mieven.    Brittle. 
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Oomp. — Si€Oi=0Krbon  ditudde  39  7,  sbrantU  70'3;  bnt  a  bduiU  part  of  the  ■tnotinm 
often  repUced  b;  oaldiiin. 

Pyr.,  ate B.B.  Bwella  up,  throws  out  minate  sproata,  fiuea  only  od  Oie  thin  edges,  aEid 

oolon  Uie  flame  itroatia-ied ;  the  bmaj  retwtg  alluiline  after  igmtioo.  HuUtened  vrich  hydro- 
chloiio  acid  and  b'eated  either  B.  B.  oi  in  the  naked  lamp  gives  an  intense  ted  oolor.  With 
•oda  on  ohafco&l  the  pure  mineral  foses  to  a  oleoi  glass,  and  is  entirelj  absorbed  by  the  coal ; 
if  lime  oi  iron  be  present  they  are  separated  and  remain  on  the  anrface  of  tbe  ooal.  Soluble 
in  hydroobtoiio  at^ ;  the  dilute  solution  when  treated  with  Bolphuiic  acid  gives  a  white  pre- 
cipitate. 

ViB. — Differs  from  related  mineralB,  not  carbonates,  in  eflervesoiog  with  aoids ;  lower 
•peoiflc  gravity  than  witherite,  and  colors  the  flame  red. 

Obi.— Occurs  at  Stroutian  in  Argyleshire  ;  in  Yorkshire,  England  ;  Qiant's  Caoseway,  Ire- 
land; ClanHtihal  in  the  Hari ;  Br^unsdorf,  Saiony  ;  Leogang  in  Salsburg.  lu  the  U.  States 
it  ooonrs  at  Schoharie,  N.  Y.,  io  grannlar  and  columnar  masses,  and  also  in  crystals.  At 
Htucalonge  LaJce;  atChaomont  B^and  Theresa,  in  JeSereonCo.,  N.T.  ;  Mifflin  Ca,  Fenn 


OBRUBSTTB.    Weissbleieri,  BleiapaUi,  Qmin, 

Orthorhoinbic.  /A  /=  117°  18',  (?  A  1-i  =  130"  9^' ;  c  :  i  :  d  =  l-185a 
:  1-6383  :  1.      O  A  1  =  125'' 

46,    0Al-t=14i'   S',  lAl,  ^«  '" 

mac.,  =  ISO",  1  A 1,  brai-.h.,  = 
92°  19'.  Cleai-age:  /often 
iraijerfect ;  2-i:  hai-dly  leas  so. 
Crvatftis  usually  thin,  bi-oad, 
and  brittle;  sometimes  stunt. 
Twins  :  very  common  ;  twin- 
ning-plane  /,  prodiieiiig  usu- 
ally cruciform  or  stellate 
furttis;  also  less  (.-ommonlv, 
twinning-plaiie  i-i.  Itare[y 
fibrous,  often  grannlar  mas- 
sive and  compaut,     Sonietliues  stalactitie, 

II.=3-S-5,  G,=6'466-6'4S0 ;  some  eartliy  varieties  as  low  as  5-4. 
Lastre  adamantine,  inelining  to  vitreous  or  resinous;  sometimes  pearly; 
sometimes  submetalliu,  if  the  colors  are  dark,  or  from  a  superficial  change. 
Oolor  white,  giay,  grayish -black,  Eometiines  tinged  blue  or  gi-een  by  some 
of  the  salts  of  copper;  streak  nncolored.  Transparent — subtranslucent 
Fracture  concboidal.     Very  brittle. 

A  oxide  83-6=100, 

.    ,  .  ,    .._  IS  first  yellow,  and  at 

a  higher  temperature  dark  red,  bnt  becomes  yellow  again  on  cooling.  B.B.  on  charcoal  fnses 
very  easily,  and  in  R.  V.  yields  metallic  lead.     Soluble  in  dilute  nitrio  aoid  vrith  eflerveeoetice. 

Di&, — Unlilce  anglseite,  it  effervesces  with  nitrio  acid.  Characterized  by  high  specific 
gravity,  and  yielding  lead  B.B. 

Obi — Occors  in  cinoection  with  other  lead  minerals,  and  is  formed  fro-o  gnlenite,  wbiob.^ 
a*  it  pasees  to  a  sulphate,  may  be  changed  to  carbonate  by  means  of  solutiona  of  calcium 
bicarbonate.  It  is  found  at  Johanngeorgenstadt ;  at  Xertachinsk  and  Baresof  in  Siberia  j  at 
Clansthal  in  the  Haii ;  at  Bleiberg  in  Carinthia  ;  at  Mies  and  Przihcam  in  Bohemia  ;  at  Retl- 
banya,  Hungary;  in  England,  in  Cornwall;  near  Matlock  and  Wirksworth,  Derbyshire;  at 
LeadhiUs.  ScotlaJad ;  In  Wicklow,  Ireland. 

Foand  in  i'nin..  at  Fheniiville;  at  Ferkiomen.  InJV.  Tbrit,  at  the  Roesie  lead  mine.  In 
Virginia,  at  Austin's  mines.  Wythe  Co.  In  N.  CaroUna,  at  King's  mine,  Davidson  Co. ,  good. 
In  Wisoonsin  and  other  lead  mines  of  tbe  nortiiWMtem  States.  tm«It  in  orystals;  near  tbe 
Blue  Monnda,  Wiaa,  In  stalootitea. 
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MonocUnic.  G  =  73^  52',  In  /=  106°  54',  6^  A 14  =  149" ;  c  :  2  :  rf  = 
0'81036  :  1*29683  : 1.    Cleavage :  /,  perfect ;  O^  less  perfect ;  also  massive. 

fl.=4.  G.=3'6363-3*66.  Lustre  vitreous,  inclining  to  resinous.  Color 
white,  grayish,  greenish,  or  yellowish.  Streak  white.  Transparent — 
translucent.     Fracture  uneven. 

Oomp. — (Ba,Ga)GOt,  where  Ba  :  Ga=l  :  l=Bariiim  carbonate  66*3,  oaldam  carbonate 
88-7=100. 

Pyr.,  etc. — B.B.  colors  the  flame  yellowish-green,  and  at  a  higher  temperature  fuses  on 
the  thin  edges  and  assumes  a  pale  green  color ;  the  assay  reacts  alkaline  after  ignition.  With 
the  fluxes  reacts  for  manganese.  With  soda  on  charcoal  the  lime  is  separated  as  an  infusible 
mass,  whUe  the  remainder  is  absorbed  by  the  coal.     Soluble  in  dilute  hydrochloric  acid. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland,  in  the  Subcarboniferous  or  mountain  lime- 
stone. 

Pabisitb. — A  carbonate  containing  cerium  (also  La,Di),  and  calcium  with  6  p.  c.  fluorine. 
Exact  composition  uncertain.  In  hexagonal  crystals.  Color  brownish-yellow.  Muso  valley, 
New  Granada.  KiscHTiMrrs,  from  the  g^ld  washing  of  the  Barsovska  river,  Urals,  is  slmilaz 
in  composition,  but  contains  no  calcium. 

BABTNAsrrB  (Haroaxtite).— Composition  2RC0i+BFs,  with  R=Ce  :  La=2  :  8.  Analysis, 
NordenskioM,  CO,  19o0,  LaO  45-77,  CeO  28-49,  HaO  101,  F,0,  (5-23)=100.  Found  in  snuJl 
masses  imbedded  between  allanite  crystals.     Biddarhyttan,  Sweden. 

PHOSQBNITII.    Bleihomerz,  Qerm, 

Tetragonal.  (? A  1-^  =  132°  37';  (5  =  1-0871.  Cleavage:  /  and  i-i 
bri^rht ;  also  basal. 

H.=2-75-3.  G.=6-6'31.  Lustre  adamantine.  Color  white,  gray,  and 
yellow.     Streak  white     Transparent — translucent.     Kather  sectile. 

Oomp.— PbC0a+PbCl9= Lead  carbonate  49,  lead  chloride  51=100,  or  lead  oxide  81 -9,  car- 
bon dioxide  8-1,  chlorine  13-0=l02-9. 

Pyr.,  etc. — B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white  and 
crystalline.  On  charcoal  in  B.F.  gives  metallic  lead,  with  a  white  coating  of  lead  chloride. 
With  a  salt  of  phosphorus  bead  preyionsly  saturated  with  copper  oxide  gives  the  chlorin« 
reaction.     Dissolves  with  effervescence  in  nitric  acid. 

Obs. — ^At  Cioiuford  near  Matlock  in  Derbyshire  ;  very  rare  in  Cornwall ;  in  large  oijBtala 
at  Glbbas  and  Monteponi  in  Sardinia ;  near  Bobrek  in  Upper  Silesia. 


Hydbous  Carbonatiue>. 

TRONA. 

Monoclinic.  <?  A  t-t  =  103®  16'.  Cleavage :  i-i  perfect  Often  fibrooA 
or  columnar  massive. 

H.=2-6-3.  G.=2-ll.  Lustre  vitreous,  glistening.  Color  gray  or  yol- 
lowish-white.  Translucent  Taste  alkaline.  Not  altered  by  exposure  to 
a  dry  atmosphere. 

Oomp ^Na40.O8+8aq=Carbon  dioxide  402,  soda  37-8,  water  220. 

Pyr.,  etc. — In  the  closed  tnbe  yields  water  and  carbon  dioxide.  B.B.  imparts  an  intensely 
yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  adds.  Beacts  alkaline 
with  moistened  test  i)aper. 

Obs. — The  specimen  analyzed  by  Klaproth  came  from  the  province  of  Snckenna,  two  dajiP 
joomey  from  Feuen,       ica.    To  this  speoies  belongs  the  nzao  found  at  the  bottom  of  a  laka 
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In  Hanoalbo,  S.  A.,  ft  day's  joiizne3r  from  MericUu    EffloreBoenoes  of  trofiia  ooenr  near  tlw 
Bweetwatei  rlTer,  Rooky  Moantaina,  mixed  with  sodium  sulphate  and  jommon  salt. 

Natron  or  Soda  (sodium  carbonate,  NasGOa+lOaq).     Thebmonatbitb,  NasGOt+aOi 
TB8CH1BHAGHBBIT1B,  Ammonium  carbonate. 


aAT-LUSSTTB. 


12,V 
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Maraoaibo. 


Nevada. 


Monoclinic.  C  =  78^  27',  /A  /=  68^  60'  and  111^  10',  (?  A 14  = 
15' ;  c\h\d^  0-96945  :  0-67137  :  1. 
14  A 14,  adj.,  =  109^  30',  i  A  i  =  llO'' 
30'.  Crystals  often  lengthened,  and 
prismatic  in  the  direction  of  14;  also  in 
that  of  \ ;  also  (f  r.  Nevada]  not  elongate, 
but  thin  m  the  direction  oi  the  orthodia- 
gonal,  O  beinff  very  narrow  or  wanting ; 
surfaces  usnally  uneven,  being  formed 
of  minute  subordinate  planes.  Cleav- 
age :  /  perfect ;  O  less  so,  but  giving  a 
reflected  image  in  a  strong  lights 

H.=2-3.  G.=l-92-l-99,  Lustre  vitreous.  Color  white,  yellowish- 
white.  Streak  uncolorcd  to  grayish.  Translucent.  Fracture  conchoidaL 
Extremely  brittle.    Not  phosphorescent  by  friction  or  heat. 

Oomp.—NasG0i+GaG0i+6aq= Sodium  carbonate  35*9,  oalmum  oarbonate  88 '8,  water 
80-8=100. 

Pyr.,  etc. — Heated  in  a  matrass  the  oiystals  decrepitate  and  become  opaque.  B  B.  fuses 
easUy  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  With  the  fluxes  it  behaves 
like  calcium  carbonate.  Dissolyes  in  acids  with  a  brisk  effervescence ;  partly  soluble  in  water, 
and  reddens  turmeria 

Obs. — Abundant  at  Lag^unilla,  near  Merida,  in  Haracalbo,  where  its  crystals  are  dissemi- 
nated at  the  bottom  of  a  small  lake,  in  a  bed  of  clay,  covering  urao  ;  the  natives  caU  it  dafm 
or  fuit2«,  in  allusion  to  its  cr^'staUine  form.  Also  on  a  smaU  island  in  Little  Salt  Lake,  near 
Bagtown,  Nevada,  about  1^  m.  S.  of  the  mam  emigrant  road  to  Humboldt.  The  lake  is  in  a 
crater-shaped  basin,  and  ltd  waters  are  dense  and  strongly  saline. 

The  distorted  crystals  from  Sangerhausen  have  been  long  oonsidered  pseudomorphs  after 
gay-lnssite,  though  Des  Cloizeaux  regards  them  as  pseudomorphs  after  celestite.  Qroth 
regards  them  as  perhaps  pseudomorphs  after  anhydrite.    See  also  thinolite,  p.  488. 


HYDROMAQNESITB. 

Monoclinic.      (7=82"-83^  iNl^^V  52'-88^  (? A 24  =  137°;   h\l 
:  d  =  (nearly)  0-456  :  1*0973  :  1.    Crystals  small,  usually 
acicular  or  bladed,  and  tufted.    Also  amorphous ;   as 
chalky  or  mealy  crusts. 

H.  of  crystals  3-5.  G.= 2-1 4:5-2-18,  Smith  &  Brush. 
Lustre  vitreous  to  silky  or  subpearly ;  also  earthy.  Color 
and  streak  white.     Brittle. 


Oomp.— 8HgCOt+HtMgOt-H8aq=Garbondio2dde  86 '8,  magnesia 
48*9,  water  19 '6= 100. 

Pyr.,  etc. — In  the  dosed  tube  gives  off  water  and  carbon  dioxide. 
B.Bw  infusible,  but  whitens,  and  tiie  assay  reacts  alkaline  to  tuimerio 
paper.  Soluble  in  acids ;  the  oiystalline  compact  varieties  are  but 
slowly  acted  upon  by  oold  acid,  but  dissolves  with  effervescenoe  in  hot 
aoid. 


U 
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<  Obs~^0ocax8  at  Hrabsofaits,  in  Moravia,  in  serpentine;  In  Negxbponte,  near  Kami;  al 
Kaiserstahl,  in  Baden,  impure.  In  tlie  U.  States,  near  Texas,  Lancaster  Co.,  Peiin. ;  al 
^obokeu,  N.  J. 

Hyduodolomite.— Oomposition  3(Ga  Mg)008  +  aq.  From  Ht  Somma.  Pj&knits  from 
Texas,  Pa. ,  is  similar. 

Predazzite  and  Pencatitb  are  mixtures  of  calcite  and  brucite.     Tyrol. 

Dawsonite. — In  thln-bladed,  white,  transparent  crystals  on  trachyte.  H.  =3.  G.  =2*40. 
Analysis,  Harrington,  AlO,  32  84,  MgO  tr.,  CaO  5i)5,  Na^O  2020,  K.O  0  88,  HjO  11-91.  CO, 
29*88,  SiOa  0 '40=  101 '56.  Regarded  as  ^' a  hydrous  carbonate  of  aluminum,  calcium,  and 
sodium ;  or  perhaps  as  a  hydrate  of  aluminum  with  carbonates  of  calcium  and  sodium." 
Montreal,  Canada. 

HoviTB. — Supposed  to  be  a  hydrous  carbonate  of  aluminum  and  calduuL  Soft,  white, 
and  friable ;  earthy  in  fractore.     From  Hoye,  near  Brighton,  with  coUyrite. 


I.ANTHANITB. 

Orthorhombic.  /A 7  =93^  30'-94°,  Blake,  92^  46^  v.  Lang:  /Al^- 
142^  36' ;  (5 :  ^  :  rf  =  0-99S98  : 1-0496  : 1,  v.  Lang.  In  thin  four-sided 
Dlates  or  minute  tables,  with  bevelled  edges.  Cleavage  micaceous.  Also 
nne  granular  or  earthy. 

H.=2-5— 3.  G.= 2*666.  Lustre  pearly  or  dull.  Color  grayish- white, 
delicate  pink,  or  yellowish. 

Oomp — LaC0a-h8aq=Lanthana  52*6,  carbon  dioxide  21*3,  water  26-1=100.  There  is 
some  oxide  of  didymium  with  the  lanthana,  according  to  Smith. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  infusible  ;  but  whitens  and  becomes 
opaque,  silvery,  and  brownish ;  with  borax,  a  glass,  slightly  bluish,  reddish,  or  amethystine, 
cm  cooling ;  with  salt  of  phosphorus  a  glass,  bluish  amethystine  while  hot,  red  cold,  the 
Dead  becoming  opaque  when  but  slightly  heated,  and  retaining  a  pink  color.  Efferrescea  in 
the  adds. 

Obs. — Found  coating  cerite  at  Bastnas,  Sweden ;  also  with  the  zinc  ores  of  the  Saucon 
f alley,  Lehigh  Co.,  Pa. ;  at  the  Sandford  iron-ore  bed,  Moriah,  Essex  Co.,  N.  Y. 

Tbnobrite. — Yttrium  carbonate.    As  a  coating  on  gadolinite  from  Ytterby. 

Zaratite.  Emerald  Nickel,  JSiUiman,  Niokelsmaragd,  Oerm. — romposition  NitCO«+ 
6aq,  or  NiCO,  +  2H.NiOi+4aq.  This  requires:  Carbon  dioxide  11*8,  nickel  oxide  593, 
water  28 '9=100.  UsnaUy  as  an  emerald-g^reen  coating;  thus  on  chromite  at  Texas,  Penn., 
where  it  was  first  noticed ;  Swinaness,  Shetland;  Cape  Ortegal,  Spain. 

Bemingtonitb.— A  hydrous  cobalt  carbonate.     Finksburg,  Md. 


HTDROZINOITB.    Zinkbllithe,  Oerwi. 

Massive,  earthy  or  compact.  As  incrustations,  the  crusts  sometimes  con- 
centric and  agate-like.     At  times  renifonn,  pisolitic,  stalactitic. 

H.=2-2'5.  G.=3'58-3*8.  Lustre  dull.  Color  pure  white,  grayish  or 
yellowish.     Streak  shiuing.     Usually  earthy  or  chalk-like. 

Oomp.>-In  part  ZnCOt  4- 2H9ZnOj= Carbon  dioxide  13 '6,  zinc  oxide  75-8,  water  1M=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water ;  in  other  respects  resembles  smithaonite. 

Obs.-— Occurs  at  most  mines  of  zinc,  and  is  a  result  of  the  alteration  of  the  other  ores  <A 
this  metal  Found  in  g^reat  quantities  at  the  Dolores  mine,  Udias  valley,  province  of  Hantan- 
der,  in  Spain  ;  at  Bleiberg  and  Baibel  in  Carinthia ;  near  Reimsbed^  in  Westphalia 

In  the  U.  States,  at  FriedensviUe,  Pa.;  at  Linden,  in  Wisconsin;  in  Marion  Co.,  ArksnsM 
(piarioniCe), 

"*  AVRiCHAiiCrrB. — A  cupreous   hydrozincite.      Usually  in  drnqr  incrustations.      Altai; 
Ifatlook,  Derbyshire ;  Spain  ;  Lancaster,  Pa. 


OXTGJEN  OOUFOUITDB. — GASBONATBB. 


411 


750 


a 


Monoclinic.  C  =  88^  32',  /A  7=  104^  28',  U  A  ~l-i  =  118^  16',  Zepliaro 
vich ;  c  :  i  :  tf  =  0-51156  : 1-2903  : 1.  Common  form 
f .  750 ;  also  same  with  other  terminal  planes ;  also  with 
i-i  wanting ;  also  with  i-i,  i-l  very  large,  making  a  rect- 
angular prism ;  also  with  the  vertical  prism  very  short, 
as  m  f.  321.  Crystals  rarely  simple.  Twins :  twinning- 
plane  i-i,  f .  750 ;  often  penetration  twins,  as  in  f .  321, 
822,  p.  ©9.  Cleavage  :  basal,  highly  perfect ;  clino- 
diagonal  less  distinct.  [Jsnally  massive  or  incrusting, 
with  surface  tuberose,  botryoidal,  or  stalactitic,  and  struc- 
ture divergent ;  often  delicately  compact  fibrous,  and 
banded  in  color ;  frequently  granular  or  earthy. 

H. 1=3-5-4.    G.=3-7-4'01.   Lustre  of  crystals  adaman- 
tine, inclining  to  vitreous ;  of  fibrous  varieties  more  or 
less  silky ;  often  dull  and  earthy.    Color  bright  green.    Streak  paler  gi-een. 
Translucent — ^subtranslucent — opaque.     Fracture  subconchoidal,  uneven. 


Oompw— GuiC04+HsO=GaGOt+H«GiiOi=Garbon  dioxide  19*9,  copper  oxide  71*9,  watei 
8-9=lU0. 

^yr^  etc. — ^In  the  dosed  tube  blackens  and  yields  water.  B.B.  foses  at  2,  ooloiing  the 
flame  emerald-green ;  on  charcoal  is  reduced  to  metallic  copper ;  with  the  fluxes  reacts  like 
tenorifce.     Soluble  in  acids  with  efferrescence. 

Di£L — Differs  from  other  copper  ores  of  a  green  color  in  its  effervescence  with  acids. 

Obs. — Green  malachite  accompanies  other  ores  of  copper.  Perfect  crystals  are  quite  rara 
Occurs  abimdantly  in  the  Urals ;  at  Ghessy  in  France ;  at  Sohwatz  in  the  Tyrol ;  in  Gomwall 
and  in  Oumberland,  England ;  Sandlodge  copper  mine,  Scotland  ;  Limerick,  Waterf  ord.  and 
elsewhere,  Ireland ;  at  Grimbsrg,  near  Siegen  in  Germany.  At  the  copper  mines  of  Nischne- 
Tagiisk,  belonging  to  M.  Demidoff,  a  bed  of  malachite  was  opened  which  yielded  many  tons 
of  malachite.  Also  in  handsome  masses  at  Bembe,  on  the  west  coast  of  Africa ;  with  the 
copper  ores  of  Guba ;  Ghili ;  Australia. 

In  Jf.  Jerney^  at  New  Brunswick.  In  Pennsylvania,  near  Morgantown,  Berks  Gounty  ;  at 
Gomwall,  Lebanon  Go. ;  at  the  Perkiomen  and  Phenixville  lead  mines.  In  WUoongin^  at  the 
copper  mines  of  Mineral  Point,  and  elswhere.  In  CaLifomia^  at  Hughes's  mine  in  Galaveras 
Co. 

Green  malachite  admits  of  a  high  polish,  and  when  in  large  masses  is  cut  into  tables,  snuff- 
boxeSy  vases,  eta    Named  from  fuOuaxn^  moMorwa^  in  allusion  to  the  green  color. 

GuPBOOALcrTB. — ^Bfassive.  H.=3.  G.-=3'90.  Golor  yermilion-r^  Analysis,  Baymondi, 
Cu.O  60-45,  GaO  2016,  GO,  24  00,  HaO  3-20,  FeO.  0-60,  AID,  0  20,  MgO  0-97,  SiO,  0*80= 
99*86.    Occun  with  a  ferraginous  calcite  at  the  copper  mines  of  Ganza  iu  Peru. 


AZURrm.    Enpferlasnr,  Oerm, 

Monoclinic.  C  =  «7°  39' ;  /A 7=  99^  32',  0^  1-i  =  138^  4\'\c\h:d 
=  1-039  :  1*181  :  1.  O  usually  etriated  parallel  with  the  clinodiagonal. 
Cleavage :  24  rather  perfect ;  i-i  less  distinct ;  /  in  traces.  Also  massive, 
and  presenting  imitative  shapes,  having  a  columnar  composition  ;  also  dull 
and  earthy. 

H.=3-5-4*26.  G.=3*5-3'831.  Lustre  vitreous,  almost  adamantine. 
Color  various  shades  of  azure-blue,  passing  into  Berlin-blue.  Streak  blue, 
lighter  than  the  color.  Transparent — subtranslucent.  Fracture  oonchoidiJ. 
Brittle. 
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Oomp. — CasCaOT+HaO=20aOOt+Hi<:hiOs=:Garbon  dioxide  2!iiif  copper  <ndde  9^% 
water  6*2=100. 

Pyr.,  etc. — Same  as  in  malachite. 

Obs. — Occurs  at  Ghessy,  near  Lyons,  whence  its  name  Chessy  Copper,  Also  in  Siberia ;  ai 
Moldava  in  the  Banat ;  at  Wheal  Boiler,  near  Bedrath  in  Cornwall  *  also  in  Deyonshire  and 
Derbyshire. 

In  Pertn,^  at  the  Perkiomen  lead  mine;  at  Phenixville,  in  crj^stals;  at  Cornwall.  JaWh 
consiiif  near  Mineral  Point     In  Calif aniia^  Calaveras  Co. ,  at  Hughes's  mine. 

According  to  Schrauf ,  who  has  given  a  crygtallographic  monograph  of  the  species,  the  font 
it  doeely  related  to  that  of  epidote  (Ber.  Ak.  Wien,  July  3,  1871). 


BI8MUT1TII.    Wismathspath,  Oenn,  « 

In  implanted  acicular  crjBtallizatious  (pseudomorphous) ;  also  incrusting 
or  amorphous ;  pulverulent. 

H.=i-4*5.  Gr.=6"86-6-909.  Lustre  vitreous,  when  pure;  sometimes 
dull.  Color  white,  mountain-green,  and  dirty  siskin-green ;  occasionally 
Btraw-yellow  and  yellowish-gray.  Streak  greenish-gray  to  colorless.  Sub- 
transl  uccntr—opaque.    Brittle. 

Oomp.— 2Bi6C,Oi8f9HaO,  BamoL  (S.  Carolina] = Carbon  dioxide  6-88,  bismuth  ozids 
a0-75,  water  8-87=100. 

P3rr.,  etc. — In  the  dosed  tube  decrepitates  and  gives  off  water.  B.B.  fuses  readily,  and  on 
oharooal  is  reduced  to  bismuth,  and  ooats  the  coal  with  yellow  bismuth  oxide.  Dissolves  in 
nitric  add,  with  slight  efferrescenoe.  Dissolves  in  hydrochloric  add,  affording  a  deep  yeUow 
solution. 

Obsw — Bismutite  occurs  at  8chneeberg  and  Johanngeoigenstadt ;  at  Joachimsthal ;  near 
Baden ;  also  in  the  gold  distriot  of  Chesterfield,  S.  0. ;  in  Gaston  Co.,  N.  C,  in  yellowish* 
white  concretions. 

Libbigitb;  Voglite  (Urankalk,  0$nn.). — Carbonates  of  uranium  and  caldum,  from  tht 
decomposition  of  uraninite.  Bxaot  composition  doubtfuL  ScHRdCKiNOSBiTB  is  an  ozyoar* 
bonate  of  uranium  (Schrauf).  Orthorhombio.  Occuzs  in  six-sided  tabular  czystabB.  Joachims- 
thai 


Whbwellitb. — An  oxalate  of  caldum.    In  minute  monodinic  ciystals  on  caldte. 

HuMBOLDTiTB. — A  hydrous  oxalate  of  iron,  2FeCt04  +  8aq.  Compact ;  earthy.  In  brown- 
coal  of  Koloseruk,  near  Bilin;  also  in  black  shales  at  Kettle  Point ;  in  Boeanquet,  Canada. 

MELLrrB  (Honigstein,  Qerm,)^ — Tetragonal.  In  octahedrons ;  also  massive,  honey -yeUow, 
reddish,  or  browiHsh,  rardy  white,  iti  CiiOii+18aq= Alumina  14*80,  mellitic  add  40*30, 
water  45*84=100.    Artem,  Thuringia;  Luadiiti,  Bohemia ;  Walohow,  Moravia;  NertMhinski 
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VI.  HYDROCARBON  COMPOUNDS 


The  Hydrogen-Oarbon  Compounds  include  (1)  the  simplb  hydrooakbons  ; 
and  (2)  the  oxygenated  hydbooabbons. 

1.  The  SIMPLE  HYDRa  carbons  embrace : 

(a^  The  Marsh  Gas  series.  General  formula  0^3^+,,  Here  belong  the 
liouid  naphthas^  the  more  volatile  parts  of  petroleum ;  also  the  butter-like 
solids  8chee7'erite  and  chrtsmatite. 

Petroleum. — Mineral  oil.  Kerosene.  Beigol,  Steinol,  Erdol,  Oerm.  Petroleam  is  a  thiok  to 
thin  fluid.  Color  yellow  or  brown,  or  colorless ;  translucent  to  transparent.  The  specific  gravity 
varies  from  0*7  to  O'O.  Chemioallj  it  consists  essentially  of  carbon  and  hydrogen  ;  contain- 
ing several  members  of  the  naphtha  group,  as  also  the  oils  of  the  ethylene  series,  and  the 
paraffins.  The  proportion  of  the  latter  constituents  increases  with  the  increase  of  the  density 
or  viscidity  of  the  fluid.     It  grades  insensibly  into  pittasphalt,  and  that  into  solid  bitumen. 

Occurs  in  rooks  or  deposits  of  nearly  all  geological  ages,  from  the  Lower  Silurian  to  the 
present  epoch.  It  is  associated  most  abundantly  with  aigillaceous  shales  and  sandstones,  but 
is  found  also  permeating  limestones,  giving  them  a  bituminous  odor,  and  rendering  them 
sometimes  a  considerable  source  of  oil.  From  these  oliferous  shales  and  limestones  the  oil 
of  cen  exudes,  and  appears  floating  on  the  streams  or  lakes  of  the  regfion,  or  rises  in  oil  springs. 
It  also  exists  collected  in  subterranean  cavities  in  certain  rocks,  whence  it  issues  in  jets  or 
fountains  whenever  an  outlet  is  made  by  boring.  These  cavities  are  situated  mostly  along 
the  course  of  gentle  anticlinals  in  the  rocks  of  the  region ;  and  it  is  therefore  probable,  as  has 
been  suggested,  that  they  originated  for  the  most  part  in  the  displacements  of  the  strata  caused 
by  the  slight  uplift.  The  oS  which  fills  the  cavities  has  ordinarily  been  derived  from  the 
subjacent  rocks ;  for  the  strata,  in  which  the  cavities  exist,  are  frequently  barren  sandstones. 

Obtained  in  large  quantities  from  the  oil  wells  of  Pennsylvania ;  also  found  in  eastern  Vir- 
ginia, Kentucky,  Ohio,  Illinois,  Michigan,  and  New  York.  In  Canada,  at  several  places ;  in 
southern  Calif omia ;  in  Mexico .;  Trinidad. 

Some  well-known  foreign  localities  are  :  Rangoon,  Burmah ;  western  shore  of  the  Caspian 
Sea ;  in  Parma,  Italy ;  Sicily ;  Galicia ;  Tegemsee,  Bavaria ;  Hanover. 

(b)  The  defiant  or  Ethylene  series.  General  formula  CnHgn.  Here 
belong  the  pittolinni  group  of  liquids,  or pitta&phalis  (mineral  tar),  and  the 
parajffins. 

Paraffin  group.  —Wax-like  in  consistence ;  white  and  translucent  Sparingly  sjoluble  in 
alcohol,  rather  easUy  in  ether,  and  cryatalliziug  more  or  less  perfectly  from  the  solutions.  G. 
about  0-85-0 -98.  Meltmg  point  for  the  foUowing  species,  33='-90^  The  different  species 
varying  in  the  value  of  7»,  vary  also  in  boiling  point,  and  other  characters. 

Paraffins  occur  in  the  Pennsylvania  petroleum,  a  freezing  mixture  reducing  the  tempera- 
ture being  sufficient  to  separate  it  in  crystals.  Also  in  the  naphtha  of  the  Caspian,  in  Ban- 
goon  tar,  and  many  other  liquid  bitumens.  It  is  a  result  of  the  destructive  distillation  of 
peat,  bituminous  coal,  lignite,  coaly  or  bituminous  shales,  most  viscid  bitumens,  wood-tar, 
and  many  other  substances. 

The  name  is  from  the  Latin  parum^  Uttie^  and  afflnis,  alluding  to  the  feeble  affinity  for  othet 
■abfltanoes,  or,  in  other  words,  its  chemical  indifference. 

To  the  Pan^Efin  Group  belong : 

Ubprtuitb.— Consistency  of  soft  tallow.  Melting  point  89^  0.  Soluble  in  cold  ethei. 
Urpeth  ColUery. 
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Hatchbttite. — In  thin  plates  or  massiye.  Color  jellowish,  or  greenish- white ;  blackens 
on  exposure.  Melting  point  46*^  G.  In  the  coal-measnres  of  Glamorganshire ;  Bossits, 
Moravia. 

Ozocerite. — Like  wax  or  spermaceti  in  appearance  and  consistency.  G.  =0*85-0  "90. 
Colorless  to  white  when  pure ;  often  leek-green,  yellowish,  brownish-yellow,  biown.  Trans 
Incent.  Greasy  to  the  touch.  Fusing  point  66^  to  63<*  G.  Occurs  in  beds  of  coal,  or  associ- 
ated bituroiuDUS  deposits  ;  that  of  Slanlk,  Moldavia,  beneath  a  bed  of  bituminous  day  shale ; 
in  masses  of  sometimes  80  to  100  lbs.,  at  the  foot  of  the  Garpathians,  not  far  from  beds  of 
ooal  and  salt ;  that  of  Boryslaw  in  a  bituminous  day  associated  with  calcif erous  beds  in  the 
formation  of  the  Carpathians,  in  massea  The  same  compound  has  been  obtained  from  mine- 
ral coal,  peat,  and  petroleum^  mineral  tar,  etc.,  by  destructive  distillation.  Named  from  ot^'u, 
ameUf  and  icrfpdg^  wax^  in  allusion  to  the  odor. 

Elateritb. — Massive,  soft,  elastic;  often  like  india-rubber,  though  sometimes  hard  and 
brittla  It  is  found  at  Castleton  in  Derbyshire,  in  the  lead  mine  of  Odin,  along  with  lead  ore 
and  calcite,  in  compact  reuif orm  or  fungoid  masses,  and  is  abundant.  Also  reported  from  St. 
Bernard's  Well,  Edinburgh,  etc. 

ZiBTRiBiKiTE  and  Pybofibsite  belong  here. 


(o)  The  Camphene  Series.    General  Formula  CnHjn-4« 

FiGHTBLiTR.  —In  wMte  monoclinic  crystals.  Brittle.  Solidifies  at  36**  C.  Soluble  in  ether. 
The  mineral  occurs  in  the  form  of  shining  scales,  flat  crystals,  and  thin  lajvrs  between  the 
rings  of  gprowth  and  throughout  the  texture  of  pine  wood  (identical  in  species  with  the  modem 
Pinus  gylventris)  from  peat  beds  in  the  vicinity  of  Bedwitz  in  the  Fichtelgebiigf",  North 
Bavaria.     In  peat  near  Sobeslau ;  in  a  log  of  Pinus  Australia. 

Hartite. — Resembles  fichtelite,  but  melts  at  74°-75'*  C.  Found  in  a  kind  of  pine,  like 
fichtelite.  but  of  a  different  Bpei'ies,.the  PeuM  aceroaa  Unger,  belonging  to  an  earlier  geological 
epoch.  From  the  brown-coal  beds  of  Oberhart,  near  Gloggnitz,  not  far  from  Vienna.  Reported 
also  from  Rosenthal  near  Koflach  in  Styria,  and  Pravali  in  Carinthia. 

DrarrB  and  Ixolytb  bdong  here. 


{d)  The  Benzole  Series,    General  Formula  CnHjn-e-      Including  the 
Benzole  liquids  and  Konlite  from  Uznach,  and  Eedwitz. 
{e)  The  Naphthalin  Series.     General  Formula  CnHan-u- 

Nafhthalin. — Occurs  in  Rangoon  tar.  Idrialite,  crystalline  in  the  pure  state.  Oolor 
white.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  clay,  and  some  pynte  and 
gypsum  in  a  brownish-black  earthy  material,  called  from  its  combustibility  and  the  presence 
of  mercury,  inflammable  dnnabar  {Queeksilberbranderz),  Idria,  Spain.  Araootite,  from 
New  Almaden  Mine,  Cal.,  is  related  to  idrialite. 


2.  The  Oxygenated  Hydrocarbons  embrace  different  groups  having 
ratios  of  C  :  H  varying  from  1  :  2  to  6  :  5^,  or  less.  Some  of  the  more 
important  are : 

GEOCERPrB.  Wax-like.  Color  white.  Melting  point  near  80°  C. ;  after  fusion  solidifies  aa 
a  yellowish  wax,  hard  but  not  very  brittle.  Soluble  in  alcohol  of  80  p.  c.  098HeeOj= Carbon 
79*24,  hydrogen  18*21,  oxygen  7*65=100.  From  the  same  dark'b^rovm  brown  coal  of  Gester- 
wits  that  afforded  the  gfeomyrioite,  aud  from  the  name  solution. 

GEOMYRicriE. — ^Wax-like.  Obtained  in  a  pulverulent  form  from  a  solution,  the  grains  con- 
sisting of  aoicnlar  crystals.  Color  white.  Melting  point  80''--8d°  C.  After  fusion  has  the 
aspect  of  a  yellowish  brittle  wax.  Soluble  easily  in  hot  absolute  alcohol  and  ether,  but 
slightly  in  alcohol  of  80  p.  a  C,4H8BOa= Carbon  80*59,  hydrogen  13*42,  oxygen  5  09=100. 
Bums  with  a  bright  flame.  Ooonrs  at  the  Gesterwita  brown  ooal  depo«it«  in  a  dark  bnmm 
layer. 
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SnOCINmi.    Amber.    Snodn,  Ambre,  PV.    Benutein,  Oerm. 

In  irregular  masses,  without  cleavage.  H.=2-2*5.  .G.=l'065-l*081. 
Lustre  resmous.  Color  yellow,  sometiinee  reddish,  brownish,  and  whitish, 
often  clouded.  Streak  wnite.  Transparent — translucent.  Tasteless.  Elec- 
tric on  friction.    Fuses  at  287°  0.,  but  without  becoming  a  flowing  liquid. 

Comp.— Katio  f or  C  :  H  :  0=40  :  64 :  4=Carbon  78-94,  bjdrogen  10-63,  oxygen  10-68= 
100.  But  amber  is  not  a  simple  resin.  According  to  BerEcUas,  it  oonsists  mainly  (85  to  00 
p.  c.)  of  a  resin  which  resists  all  solvents  (properly  tfis  species  saccinite),  along  with  two  othez 
resins  soluble  in  alcohol  and  ether,  an  oil^  and  2^  to  6  p.  c.  of  sncdnic  acid.  Amber  is  hardly 
acted  on  by  alcohol  Bums  readily  with  a  yellow  flame,  emitting  an  agreeable  odor,  and 
leaves  a  black,  shining,  carbonaceous  residue. 

Obs. — Occurs  abundantly  on  the  Prufisian  coast  of  the  Baltic ;  occurring  fxom  Dantzig  to 
Memel ;  also  on  the  coast  of  Denmark  and  Sweden;  in  Galicia,  near  Lemberg,  and  at  Miszan  ; 
in  Poland ;  in  Moravia,  at  Boskowitz,  etc. ;  in  the  Urals,  Bussia ;  near  Christiania,  Norway ; 
In  Switserland,  near  BAle;  in  France,  near  Paris,  in  day.  In  England,  near  London,  and  on 
the  coast  of  Norfolk,  Essex,  and  Suffolk.  In  various  parts  of  Asia.  Also  near  Catania,  on 
the  Sicilian  coast.  It  has  been  found  in  various  parts  of  the  Green  sand  formation  of  the 
United  States,  either  loosely  imbedded  in  the  soil,  or  engaged  in  marl  or  lignite,  as  at  Gay 
Head  or  Hartha^s  Vineyard,  near  Trenton,  and  also  at  Camden  in  New  Jersey,  and  at  Cape 
Sable,  near  Magothy  river  in  Maryland.  In  the  royal  museum  at  Berlin  there  is  a  mass 
weighing  18  lbs.  Another  in  the  kingdom  of  Ava,  India,  is  nearly  as  large  as  a  child's  head^ 
and  weighs  2^  lbs. 

It  is  now  fully  ascertained  that  amber  iff  a  vegetable  resin  altered  by  fossilization.  This 
IB  inferred  both  from  its  native  situation  with  coed,  or  fossil  wood,  and  from  the  occurrence 
of  insects  incased  in  it.  Of  these  insects,  some  appear  evidently  to  have  struggled  after  being 
entangled  in  the  then  \  iscous  fluid  ;  and  occasionally  a  leg  or  a  wing  is  found  some  distance 
from  the  body,  which  had  been  detached  in  the  effort  to  escape. 

Amber  was  early  known  to  the  ancients,  and  called  ij'/eiapcv^  deetrum^  whence,  on  account 
of  its  electrical  susceptibilities,  we  have  derived  the  word  electricity.  It  was  named  by  some 
Ijncurium,  though  this  name  was  applied  by  Theophrastus  also  to  a  stone,  probably  to  zircon  or 
tourmaline,  both  minerals  of  remarkable  electrical  properties. 

Other  related  resins  are:  Copalite  {retinite  pt.)  from  Highgate  Hill,  near  London; 
Kraktzite,  NienbuTg ;  Walchowitk,  Walohow,  Moravia ;  Ambuite,  N.  Zealand ;  Bath- 
VILLIT£»  occurring  in  the  torhanite^  or  Boghead  coal  of  Bathville,  Scotland ;  torbanite  is 
related  to  it.     Siegburgitb,  :ScuRAnFiTB,  Ambrosine,  Duxitb. 

XTLORBTmiTB  (hartine).-— C  :  H  :  0=40  :  64  :  4.  Bombiccitb,  C  :  H  :  0=13  :  7  :  1,  in 
lignite  in  the  valley  of  the  Arno,  Tuscany.  Lkucopetbite.  C  :  H  :  0=50  :  84  :  3.  Ges* 
terwitz,  near  Weissenf el&  Euosmite.  C  :  H  :  0=34  :  29  :  2,  from  the  brown  coal  at  Baiershof 
in  the  Fiohtelgebirge.  Bohthormitb.  C  :  H  :  0=24  :  40  :  1.  In  coaJ  at  Sonnberg,  Carin- 
thia.     The  above  species  are  soluble  in  ether. 

ScLBRETiNiTB.— C  :  H  :  0=40  :  64  :  4.     Insoluble  in  ether.    Wigan,  England. 

Ptrorbttnitb,  Jaulingite,  RBU88INITB,  GuTAQUiLLiTB,  Wheblbretb  (New  Mexico), 
eta     Ratio  of  C  :  H=5  :  7  to  5  :  6i. 

MiDDLETONiTB,  Stakekitb,  Anthragoxbnitb.  Ratio  of  G  :  H=6  :  6^  or  less.  Insolu* 
ftble  in  ether  or  alcohol. 

TA8MA27ITB  and  Dybodius  are  remarkable  in  containing  sulphur,  replacing  part  of  tht 
oxygen. 

Tlie  Acid  Oxygenated  Hydeocabbons  include  Butyrellite  (Bogbutter), 
Baccinellite,  Dopplerite,  etc,  etc 
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APPENDIX   TO  HTDROCAKBONS. 

ASPHALTUllff.    Bitamen.    Asphalt,  Mineral  Pitch.    Bezgpedh,  £  -dpech,  Oenm. 

Asphaltam,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbonp,  part 
of  which  are  oxygenated.     Its  ordinary  characters  are  as  follows: 

Amorphous.  &.=1-1*8 ;  sometimes  higher  from  impurities.  Lustre 
like  that  of  black  pitch.  Color  brownish-black  and  black.  Odor  bitnmi- 
nous.  Melts  ordinarily  at  90°  to  100°  C,  and  burns  with  a  bright  flame. 
Soluble  mostly  or  wholly  in  oil  of  turpentine,  aiid  partly  or  wholly  in  ether ; 
commonly  partly  in  alcohol. 

The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral  tar,  and 
through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change 
into  the  solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by 
a  process  of  oxidation,  which  consists  fii-st  in  a  loss  of  hydrogen,  and  finally 
in  the  oxygenation  of  a  portion  of  the  mass. 

Obfl. — Asphalttim  belongs  to  rocks  of  no  particular  age.  The  moat  abundant  deposits  are 
■aperficial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposits  containing 
BOroe  kind  of  bituminous  material  or  vegetable  remains. 

Some  of  the  noted  localities  of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Aaphal- 
tites,  on  Trinidad ;  at  various  places  in  S.  America,  as  at  Caxitambo,  Peru  ;  at  Berengela» 
Peru,  not  far  from  Arica  (S.) ;  in  Calif omin,  near  the  coast  of  St.  Barbara.  Also  in  smaller 
quantities,  sometimes  disseminated  through  shale,  and  sandstone  rocks,  and  occasionally  lime> 
stones,  or  collected  in  cavities  or  seams  in  these  rocks ;  near  Matlock,  Derbyshire ;  Poldioe 
mine  in  Cornwall ;  Yal  de  Travers,  Keuchatel ;  impregnating  dolomite  on  the  island  of  Brazza 
in  Dalmatia ;  in  the  Caucasus  ;  in  gneiss  and  mica  schist  in  Sweden. 

The  following  substances  are  olosely  related  to  asphaltum,  and,  like  it,  are  mixtures  of  on- 
determined  carbohydrogens. 

Graqamitr,  Wurtt. — Resembles  the  preceding  in  its  pitch-black,  lustrous  appearance;  H. 
•=2;  G.=l'14o.  Soluble  mostly  in  oil  of  turpentine  ;  partly  in  ether,  naphtha,  or  benzole; 
not  at  all  in  alcohol ;  wholly  in  chloroform  and  carbon  disulphide.  No  action  with  alkalies  or 
hot  nitric  or  hydrochloric  acid.  Melts  only  imperfectly,  and  with  a  decomposition  of  the 
surface  ;  but  in  this  state  the  interior  may  be  drawn  into  l^ug  threads.  Occurs  in  W.  Vir- 
ginia, about  20  m.  in  an  air  line  S.  of  Parkersburg,  filling  a  fissure  (shrinkage  fissure)  irt  a 
sandstone  of  the  Carboniferous  formation ;  and  supposed  to  be,  like  the  albertite,  an  ins|ds- 
sated  and  oxygenated  petroleum. 

Albertite,  liobb.  — DiflFers  from  ordinary  asphaltum  in  being  only  partially  soluble  in  oil 
of  turpentine,  and  in  its  very  imperfect  fusion  when  heated.  It  has  H.  =  1-2  ;  G.  =  I  -097 : 
lustre  brilliant,  pitch-like  ;  color  jet-black.  Softens  a  little  in  boiling  water ;  in  the  flame  of 
a  candle  shows  incipient  fusion.  According  to  imperfect  determinations,  only  a  trace  soluble 
in  alcohol ;  4  p.  o.  in  ether ;  80  in  oil  of  turpentine.  Occurs  filling  an  irregular  fissure  in 
rocks  of  the  Subcarboniferons  age  (or  Lower  Carboniferous)  in  Nova  Scotia,  and  is  regarded 
as  an  inspissated  and  oxygenated  petroleum.  This  and  the  above  are  very  valuable  in  gas* 
making. 

PiAUZTTE. — An  asphalt-like  substance,  remarkable  for  its  high  melting  point,  815"  0.  It 
occurs  slaty  massive ;  color  brownish-  or  g^enish-black  ;  thin  splinters  colophonite-bi-own  by 
transmitted  light ;  streak  light  brown,  amber-brown  ;  H.=l  '5  ;  G.=l  '220 ;  1  186,  Kenngott. 
It  comes  from  a  bed  of  brown  coal  at  Piauze,  near  Neustadt  in  Camiola ;  on  Mt.  Chnm,  neai 
TtlfPer  in  Styria 

WoLLONOONorrs,  BUUman. — Occurs  in  cubic  blocks  without  lamination.  Fracture  broad 
ocmchoidal.  Color  greenish-  to  brownish-black.  Lustre  resinous.  In  the  tule  does  not  melt, 
but  decrepitates  and  gives  oif  oil  and  gas :  yields  by  dry  distillation  82*5  p.  c  volatile  matter 
Insoluble  in  ether  or  beniole.    New  South  Wales. 
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BCNBRAL    GOAL 

The  diBtin^aishing  characters  of  Mineral  Coal  are  as  follows :  Oompac  t 
massive,  without  crystalline  structure  or  cleavage ;  sometimes  breaKing 
with  a  degree  of  regularity,  but  from  a  jointed  rather  than  a  cleavage  struc- 
ture. Sometimes  laminated ;  often  faintly  and  delicately  banded,  successive 
layers  differino^  slightly  in  lustre. 

H.=0*5-2'5.  (x.=l-l-80.  Lustre  dull  to  brilliant,  and  either  earthy, 
resinous,  or  sulimetallic.  Color  black,  grayish-black,  bi*ownish-black,  and 
occasionally  iridescent ;  also  sometimes  dark  brown.  Opaque.  Fracture 
conchoidal — uneven.  Brittle;  rarely  somewhat  sectile.  Without  taste, 
except  from  impurities  present.  Insoluble  or  nearly  so  in  alcohol,  ether, 
naphtlia,  and  benzole.  Infusible  to  subf usible ;  but  often  becoming  a  soft, 
pliant,  or  paste-like  mass  when  heated.  On  distillation  most  kinds  afford 
more  or  less  of  oily  and  tarry  substances,  which  are  mixtures  of  hydrocar- 
bons and  paraffin. 

Mineral  coal  is  made  up  of  different  kinds  of  hydi*ocarbonB,  with  perhaps 
in  some  cases  free  carbon. 

▼ar. — ^The  variations  depend  partly  (1)  on  the  amonnt  of  the  volatile  ingredients  afforded 
on  destmctive  destination ;  or  (2)  on  the  nature  of  these  yolatUe  compoan^,  for  ingredients 
of  similar  composition  may  differ  widely  in  Yolatility,  eto. ;  (8)  on  stmotore,  lostref  and  other 
physical  characters. 

1.  Antiiracitb.  H.  =2-2-5.  G.=l-83-l-7,  Pennsylvania;  ISl,  Rhode  Island;  1-20-1  SO, 
Bouth  Wales.  Lustre  hright,  often  snbmetallio,  iron  black,  and  frequently  iridescent.  Frac- 
ture conchoidal.  Volatile  matter  after  drying  3  to  6  p.  o.  Bums  with  a  feeble  tlame  of  a  pale 
oolor.  The  anthracites  of  Pennsylvania  contain  ordinarily  85  to  93  per  cent,  of  carbon ;  those 
of  South  Wales,  88  to  95 ;  of  France,  80  to  83 ;  of  Saxony,  81  ;  of  southern  Russia,  some- 
times 94  per  cent.  Anthracite  graduates  into  bituminous  coal,  becoming*  less  hard,  and  con- 
taining more  volatile  matter ;  and  an  intermediate  variety  is  called  free-burning  anthracite. 

Bituminous  Goals  (St^inkoble  pt,  Gerfn.\  Under  the  head  of  Bituminous  Goals,  a 
number  of  kinds  are  included  which  differ  strikingly  in  the  action  of  heat,  and  which  there- 
fore are  of  unlike  constitution.  They  have  the  common  characteristic  of  burning  in  the  fire 
with  a  yellow,  smoky  flame,  and  gn^i^ST  out  on  distillation  hydrocarbon  oils  or  tar,  and  hence 
the  name  bUujntnous.  The  ordinary  bituminous  coals  contain  from  5  to  15  p.  a  (rarely  Itf  or 
17)  of  oxygen  (ash  excluded) ;  while  the  so-called  brown  coal  or  Ugnite  contains  from  30  to 
86  p.  c,  after  the  expulsion,  at  100'  G.,  of  15  to  86  p.  o.  of  water.  The  amount  of  hydrogen 
in  each  is  from  4  to  7  p.  o.  Both  have  usually  a  bright,  pitchy,  greasy  lustre  (whence  often 
called  PeehkoJUe  in  German),  a  firm  compact  texture,  are  rather  fragile  compared  with  anthra- 
cite, and  have  G.=l '14-1*40.  The  brown  ooals  have  often  a  brownish-blaok  color,  whence 
the  name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitu- 
minous coals.  The  ordinary  bituminous  coal  of  Pennsylvania  has  G.  =1*20-1*37;  of  New- 
castle, Enghind,  127:  of  Scotland,  1*27-1 '82;  of  France,  1  •2-1*88;  of  Belgium,  1-27-1 -3. 
The  most  prominent  kinds  are  the  f oUowing : 

2.  Gaking  G<)AL.  a  bituminous  coal  which  softens  and  becomes  pasty  or  semi- viscid  in 
the  fire.  This  softening  takes  place  at  the  temperature  of  incipient  decomposition,  and  is 
attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  beat,  the  volatile  products 
which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  off,  and  a 
coherent,  grayish-black,  cellular,  or  fritted  mass  {coke)  is  left.  Amonnt  of  coke  left  (or  part 
not  volatile)  varies  from  «50  to  85  p.  c.     Byerite  is  from  Middle  Park,  Golorado. 

8.  NoN'Gakcng  Goal.  Like  the  preceding  in  aU  external  chanicters,  and  often  in  ultimate 
compoRition  ;  but  burning  freely  without  softening  or  any  appearance  of  incipient  fusion. 

4.  Gannel  Goal  (Parrot  Goal).  A  variety  of  bituminous  coal,  and  often  caking;  but  dil- 
fering  from  the  preceding  in  texture,  and  to  some  extent  in  oomposition,  as  shown  by  its 
products  on  distillation.  It  is  compact,  with  little  or  no  lustre,  and  without  any  appearance 
of  a  banded  structure;  and  it  breaks  with  a  conchoidal  fracture  and  smooth  surfaces;  cold 
dull  black  or  gfrayish- black.  On  distillation  it  affords,  after  drying,  40  to  66  ol  volatile  mat- 
ter, and  the  material  volatilised  includes  a  large  proportion  of  burning  and  lubrifuiting  oik, 
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much  loiger  than  the  above  kinds  of  bitaminons  ooal ;  whence  it  is  extensiyely  used  for  the 
numafacture  of  each  oils.  It  graduateA  into  oil-produoing  coaly  shalee,  the  more  oompaot  oi 
which  it  much  resembles. 

5.  ToRBANiTB.  A  yariety  of  cannel  coal  of  a  dark  brown  color,  yellowiiih  streak,  without 
Instro,  haviilg  a  suboonchoidal  fractnre;  H.=2'25;  G^.  =  l '17-1*2.  Yields  over  60  p.  c.  of 
▼olatile  matter,  and  is  used  for  the  production  of  burning  and  lubricating  oils,  parafi^  illa^ 
minating  gas.  From  Torbane  Hill,  near  Bathgate  in  Linlithgowshire,  Scotland.  Also  called 
Boghmd  Uannek 

6.  Bbown  Coal  (Braunkohle  Ctei*m..  Pv*chkohle  pt."  Ofrm.,  Lignite\  The  prominent 
characteristics  of  brown  coal  have  already  been  mentioned.  They  are  non-caking,  but  afford 
a  large  proportion  of  volatile  matter  They  are  sometimes  pitch-black  (whence  Peohkohle 
pt  Cferm.\  but  often  rather  dull  and  brownlHh-black.  G.  =  1*15-1  '8  ;  sometirres  higher  from 
impurities.  It  is  occasionally  somewhat  lamellar  in  structure.  Brown  coal  is  often  called 
Ugnite.  But  this  term  is  sometimes  restricted  to  masses  of  coal  which  still  retain  the  form  of 
the  original  wood.  Jet  is  a  black  variety  of  brown  .coal,  compact  in  texture,  and  taking  a 
good  poUsh,  whence  its  use  in  jewelry. 

7.  Eartiit  Brown  Coai<  {Mrdige  Braunkohle)  is  a  brown  friable  material,  sometimes  form- 
ing layers  in  beds  of  brown  coal.  '  But  it  is  in  general  not  a  true  .coal,  a  oonsiderable  part  of 
it  being  soluble  in  ether  and  benzole,  and  often  even  in  alcohol ;  besides  affording  laigely  of 
oils  and  paraffin  on  distillation. 

Oomp^— Most  mineral  coal  consists  mainly,  as  the  best  chemists  now  hold,  of  oxygenated 
hydrocarbons.  Besides  oxygenated  hydrocarbons,  there  may  also  be  present  simple  hydrucar- 
•bona  (that  is,  containing  no  oxygen). 

Sulphur  is  present  in  nearly  all  coals.  It  is  supposed  to  be  usually  oombined  with  iron, 
and  when  the  coal  affords  a  red  ash  on  burning,  there  is  reason  for  believing  this  true.  Bat 
Percy  mentions  a  coal  from  New  Zealand  (anal.  18)  which  gave  a  peculiarly  white  ash, 
although  oontaining  2  to  3  p.  o.  of  sulphur,  a  f  aot  showing  that  it  is  present  not  as  a  sulphide 
of  iron,  but  as  a  constituent  of  an  organic  compound.  The  discovery  by  Church  of  a  re^izi 
oontaining  sulphur  (see  Tabmanitb,  p.  415),  gives  reason  for  inferring  that  it  may  exist  in 
this  coal  in  that  state,  although  its  presence  as  a  constituent  of  other  oiganic  oompounds  ia 
)aite  possible. 

The  chemical  relations  of  the  different  kinds  of  coals  will  be  understood  from  the  follow- 
ing analyses: 

Carbon.    Hydrogen.  Oxygen.  Nitrogen.  Sulphur.    Aah. 

1.  Anthracite,  8.  Wales 

2.  Caking  Coal,  Northumberland 
8.  Non-Caking  Coal,  Zwickau 
4  Cannel  Coed,  Wigan 

5.  Torbanite.  Torbane  HUl 

6.  Brown  Coal,  Meissen,  Sax.  58*90  5*36  21-63         6*61        7*50 

Coal  occurs  in  beds,  interstratified  with  shales,  sandstones,  and  conglomerates,  and  some- 
times limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  30  feet  or 
more  in  thickness.  In  the  United  States,  the  anthnicites  occur  east  of  the  Alleghany  range, 
in  rocks  that  have  undergone  fpretkt  contortions  and  fracturings,  while  the  bituminous  are 
found  farther  west,  in  rodi^  that  have  been  less  disturbed  ;  and  this  fact  and  other  observa- 
tions have  led  some  geologists  to  the  view  that  the  anthracites  have  lost  their  bitumen  by  the 
action  of  heat.  The  origin  of  coal  is  mainly  vegetable,  though  animal  life  has  contributed 
Bomewhat  to  tiie  result.  The  beds  were  once  beds  of  vegetation,  analogous,  in  most  respecta, 
in  mode  of  formation  to  the  peat  beds  of  modem  times,  yet  in  mode  of  burial  often  of  a  ve^ 
different  charaC^er.  This  vegetable  origin  is  proved  not  only  by  the  occurrence  of  the  leaves, 
■tems,  and  log^s  of  plants  in  the  coal,  but  also  by  the  presence  throughout  its  texture,  in 
many  cases,  of  the  forms  of  the  original  fibres ;  also  by  the  direct  observation  that  peat  ia 
a  tnmsition  state  between  unaltered  vegetable  diSbris  and  brown  coal,  being  sometimes  found 
passing  completely  into  true  brown  ooal.  Peat  differs  from  true  coal  in  want  of  homo- 
geneity, it  visibly  oontaining  vegetable  fibres  only  partially  altered ;  and  wherever  changed 
to  a  fine-textured  homogeneous  material,  even  though  hardly  consolidated,  it  may  be  true 
brown  ooal. 

Extensive  beds  of  mineral  ooal  occur  in  Oreat  Britain,  covering  11,850  square  miles;  In 
France  about  1,719  sq.  m. ;  in  Spain  about  3,408  sq.  m. ;  in  Belgium  518  sq.  m. ;  in  Nether- 
lands, Prussia,  Bavaria,  Austria,  northern  Italy,  Silesiav  Spain,  Russia  on  the  south  near  the 
Asof ,  and  also  in  the  AltaL    It  is  found  in  Asia,  abundantly  in  China,  etc. ,  etc 

In  the  United  States  there  are  four  separate  coal  areas.  One  of  these  areas,  the  Appala* 
utiun.  ooal  field,  oommenees  on  the  north,  in  Pennsylvania  and  southeastern  Ohio,  and  swee^ 
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ing  fiotitih  oyer  westein  Yliginia  and  eastern  Kentucky  and  Tennessee  to  the  west  of  the 
Appalaohians,  or  partly  involyed  in  their  ridges,  it  continues  to  Alabama,  near  Tuscaloosa, 
where  a  bed  of  ooal  has  been  opened.  It  has  been  estimated  to  cover  60,000  sq.  m.  A  sec- 
ond coal  area  (the  Illinois)  lies  adjoining  the  Mississippi,  and  ooyers  the  larger  piui>  of  Illiuois, 
though  much  broken  into  patches,  and  a  small  northwest  part  of  Kentucky.  A  third  coyers 
the  central  ))ortion  of  Michigan,  not  far  from  5,000  sq.  m.  in  area.  Besides  these,  there  is  a 
smaller  cool  region  (a  fourth)  in  Rhode  Island.  The  total  area  of  workable  ooal  measures  in 
the  United  States  is  about  125,000  sq.  m.  Out  of  the  borders  of  the  United  States,  on  the 
northeast,  commences  a  fifth  coal*  area,  that  of  Noya  Scotia  and  New  Brunswick,  which 
coyers.  in  connection  with  that  of  Newfoundland,  18,000  sq.  m. 

The  mines  of  western  Pennsylyania.  those  of  the  States  west,  and  those  of  Cumberland  or 
Prostburg,  Maryland,  Richmond  or  Chesterfield,  Va.,  and  other  mines  south,  are  bituminous. 
Those  of  eastern  Pennsylvania  constituting  several  detached  areas— one,  the  SohuyUciU  coal 
field — another,  the  Wyoming  coal  field — those  of  Rhode  leland  and  Massachusetts,  and  Eome 
patches  in  Virginia,  are  anthracites.  CauLel  ooal  is  found  near  Greensburg.  Beaver  Co.,  Pa., 
in  Kenawha  Co  ,  Va.  at  Peytona.  etc. ;  also  in  Kentucky,  Ohio,  Illinois,  Missouri,  and  Indiana; 
but  part  of  the  so-called  cannel  is  a  coaly  shale. 

Brown  coal  comes  from  coal  beds  more  recent  than  those  of  the  Carboniferous  age.  But 
much  of  this  more  recent  coal  is  not  distinguishable  from  other  bituminous  coals.  The  coal 
of  Richmond,  Virginia,  is  supposed  to  be  of  the  Liassic  or  Triassio  era;  the  coal  of  Brora,  id 
Sutherland,  and  of  Gristhorpe,  Yorkshire,  is  Oolitic  in  age.  Cretaceous  coal  occurs  on  Van- 
oouver  Island,  and  Cretaceous  and  Tertiary  coal  in  many  places  over  the  Rocky  MoantAUi% 
where  a  *'  Lignitic  formation''  is  yeiy  widely  distzibuted. 
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PART   III.— DESCRIPTIVE   MINERALOGY. 

SUPPLEMENTARY  CHAPTER.* 

Abriachanite,  Heddle. — A  soft  blue  clay-like  substance,  filling  seams  and  cavities  in 
granite.  Probably  near  crocidolite  (p.  29b)  in  composition.  From  the  Abriachan  district 
near  Loch  Ness,  Scotland. 

Adamite  p.  373. — Occurs  in  colorless  to  deep  green  crystals,  and  in  mammillary  groups, 
at  the  ancient  mines,  recently  reopened,  at  Laurium,  Greece. 

AoLAiTE. — Same  as  cymatolite  ;  that  is,  an  alteration  product  of  spodnmene,  consisting  of 
an  intimate  mixture  of  albite  and  muscovite.    From  Goshen,  Mass. 

Alaskaite,  KOnig. — Massive.  G.  =6*878.  Lustre  metallic.  Color  whitish  lead-gray. 
Composition  probably  (Ag.j,Cua,Pb)S  +  BijSj.  Analvsis  after  deducting  impurities,  S 
17-63,  Bi  50-97.  Sb  0*62,  Pb  11  79,  Ag  8  74,  Cu  8-46,  *Zn  0*79=  100.  From  the  Alaska 
mine,  Poughkeepsie  Gulch,  Colorado.  Silbeewismuthglanz  of  Rammelsberg,  from  Moro- 
cocha,  Peru,  is  pure  Ag^S  +  BiaSs. 

Albite,  p.  323. — Has  been  made  artificially,  identical  in  form  and  composition  with  natu- 
ral cnrstals,  by  Ilautcfeuille. 

Amblygonite,  p.  869. — Penfield  has  analyzed  specimens  from  Penig,  Montebras,  Hebron 
and  Auburn,  Me.,  Branchville,  Ct.  (including  **hebronite"  and  **  montebrasite ").  He 
shows  that,  while  the  varieties  vary  from  P 11  -26,  HaO  1  '75  in  one  saniple  to  F  1*75,  n«0  6*61 , 
in  another,  they  ail  conform  to  the  general  formula:  AlsPgOa  +  2K(F,0H),  differing  only 
in  the  extent  to  which  the  hydroxyl  replaces  the  fluorine. 

Akphibole,  p.  298.— A  variety  containing  only  0'9  p.c.  MgO,  has  been  called  bergamas- 
kite  by  Lucchetti     Occurs  in  a  hornblende  porphyry.     Monte   Altino,    Ber^mo,  Italy. 

Phdacfinite  (Bertels)  is  a  chloritic  alteration  product  from  a  rock  called  isenite.  Nassau, 
Germany. 

Analcite,  p.  843. — On  the  crystalline  system,  see  p.  189. 

Picranalcuey  of  Bechi,  is  identical  with  ordinary  analcite,  containing  only  a  trace  of 
magnesia,  according  to  Bamberger. 

Amimikite,  Wurtz. — An  impure  massive  mineral  supposed  to  be  a  silver  antimonide 
(Sb  11  18,  Ag  77-58).     Silver  Islet,  Lake  Superior. 

Akneb(>dite,  BrOgger. — A  rare  columbate,  almost  identical  with  samarskito  in  composi- 
tion, but  in  form  very  near  columbite.  From  a  pegmatite  vein  at  AnnerOd,  near  Moss, 
Norway. 

Apatite,  p.  864. — Large  deposits  of  apatite,  affording  sometimes  gigantic  crystals,  and 
sometimes  mined  for  commercial  purposes,  occur  in  Ottawa  County,  Quebec,  Canada  ;  also 
large  crystals,  with  zircon,  titanite  and  amphibole  in  Renfrew  Countv,  Ontario,  and  else- 
where ;  there  are  similar  deposits  at  Kjorrestad,  Barale,  Norway.  A  variety  from  San 
Roque.  Argentine  Republic,  containing  6*7  p.c.  MnO,  has  been  called  manganapatitt  by 
Siewert.     Penfield  found  10*6  p.c.  MnO  in  a  bluish-green  specimen  from  Branchville,  Ct. 

Pseudo-hexagonal,  Mallard,  see  p.  187. 

*  For  f  tiller  descriptions  of  new  Bpecies,  references  to  original  {Mipers,  etc.,  eee  Appendix  in.  (1882),  System 
of  Mineralogy. 
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Apopbtlutb,  p.  840. — Pseudo-tetragonal  (monoolinic),  according  to  Mallard  and  Rumpf, 
but  the  correctness  of  their  conclusions  is  doubtful ;  see  p.  185  et  seq. 

Abagonite,  p.  406.— A  variety  from  the  Austin  mine,  Wythe  Co.,  Va.,  afforded  7*29  p.c. 
PbCO,. 

Abotoltte,  Blomstrand. — A  doubtful  silicate,  composition  near  prehnite,  prismatic  angle 
near  hornblende.     Uvitholm,  near  Spitzbergen. 

Abbquipite,  Raimondi. — A  honey-yellow  compact  substance,  supposed  to  be  a  silico-anti- 
monate  of  lead,  but  probably  a  mixture.     Victoria  mine,  Province  of  Arequipa,  Peru. 

AsFVEDSozaTE,  p.  298. — Occurs  with  zircon  and  astrophyllite  in  £1  Paso  Co.,  Colorado. 

Abrhenite,  KordenskiSld. — A  silioo-tantalate  of  yttrium,  erbium,  etc.,  resembling  feld« 
spar  in  appearance.    Probably  an  uncertain  decomposition  product.     Ytterby,  Sweden. 

Absenabobntite,  Hannay. — An  uncertain  silver  arsenide  of  doubtful  source. 

Asmanite,  p.  288. — ^Acoording  to  Weisbach  and  v.  Lasaulx,  identical  with  tridymite  ; 
observed  in  the  meteoric  iron  of  Bittersgrttn,  Saxony. 

AsTBOPHYLUTE,  p.  813. — Referred  to  the  triclinic  system  by  BrOgger  ;  properly  a  mem- 
ber of  the  pyroxene  group,  not  one  of  the  true  micas. 
Occurs  with  arfvedsonite  and  zircon  in  El  Paso  Co.,  Colorado. 

Ateline  (or  atelite),  Scacchi. — An  alteration  product  of  tenorite  at  Vesuvius  ;  near  ata- 
camite  in  composition. 

Atopite,  NordenskiOld. — In  isometric  octahedrons.  H.  =  6*5-6,  G.  =  5  08.  Color  yellow 
to  brown.  Composition  essentially  CasSbaO?  (near  romeite).  Imbedded  in  hedyphane  at 
Lfingban,  Sweden. 

AuTUNTTB,  p.  879.— Monoclinic  (or  triclmic),  according  to  Brezina. 

Balvbatoite,  Heddle. — A  doubtful  substance  having  a  saccharoidal  structure,  and  pale 
purplish. brown  color.  G.  =  2*9.  An  analysis  gave,  SiO,  46  04,  A1,0,  2011,  FcaO,  2-52, 
MnO  0-79,  MgO  8-30,  CaO  18'47.  Na,0  272,  K^O  1-86,  H9O  4-71  =  10002.  In  limestone 
at  Balvraid,  tnvemess-shire,  Scotland. 

Babgenite,  Mallet.— An  uncertain  alteration  product  of  livlngstonite,  massive,  earthy, 
color  dark  gray.    G.  =  6 '348.    Huitzuoo,  Guerrero,  Mexico. 

Babtlite,  Blomstrand.— In  groups  of  prismatic  crystals.  Two  distinct  cleavages  (84°). 
H.  =  7.  G.  =  4-08.  White.  BB.  Infusible.  A  silicate  of  aluminum  and  barium  (46 
p.c.  BaO).     In  limestone  at  L&ngban,  Sweden. 


Bebtl,  p.  299. — Pseudo-hexagonal,  according  to  Mallard,  see  p.  186. 

A  variety  in  short  prismatic  to  tabular  crystals  has  been  called  rosterite  by  Grattarola. 
Locality,  Elba. 

Found  ^W.  E.  Hidden)  in  fine  crystals  of  large  size  (to  10  Inches  in  length),  and  emerald 
color,  in  Alexander  Co.,  N.  0.,  also  in  highly  modified  crystals  of  pale  gxeen  color. 

Bebzeliite.— This  arsenate  from  Lfingban,  Sweden,  is  isometric  according  to  Sjttffren  5 
honey  to  sulphur  yellow,  lustre  resinous.  Lindgren  regards  the  ortho-arsenate  of  calcium 
and  magnesium,  anisotrope,  of  the  same  locality,  as  distinct,  and  says  that  earlier  descrip- 
tions of  berzeliite  belong  to  it. 
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Bhreckite  (or  Vreckiie),  Heddle. — A  doubtful  soft  apple-green  subetance,  cofttinfiC  anartz 
crystals.  A  hydrous  silicate  of  alumina,  iron,  magnesia  and  lime.  From  the  hill  Ben 
Bhreck,  Sutherland,  Scotland. 

BiSMUTOsPH^RiTE,  Welsbach. — In  spherical  forms,  with  concentric,  fine  fibrous  radiated 
structure.  Regarded  as  an  anhydrous  oismuth  carbonate.  From  NeustSdtel,  Schneeberg, 
Saxony. 

BLOMSTRAin)iTE,  LlndstrOm. — A  columbo-titanate  of  uraninm,  allied  to  samarskite. 
.From  Nohl»  Sweden. 

BoLiviTE,  Domeyko. — An  alteration  product  of  bismuthinite,  probably  a  mechanical 
mixture  of  BisOa  and  BitSi.    Mines  of  Tazna»  Proyinoe  of  Choroloque,  Boliyia. 

.    BoRACiTB,  p.  881.— On  the  crystalline  system,  see  p.  189. 

BowLiNoiTE,  Hannay. — A  soft,  soapy,  green  substance,  containing  silica,  ainmina,  iron, 
magnesia,  lime,  water  ;  doubtless  heterogeneous.    Bowling  on  the  Clyde,  Scotland. 

.  Brayatsits,  Mallard.— In  fine  crystalline  fibres,  of  a  grayish  color,  forming  layers  in  the 
Coal  schists  at  Noyant,  AUier  Dep't,  France.  G.  =  2*6.  Analysis,  SiO.  51 '4,  ilaOi  18*9, 
FeaO.  4  0,  CaO  20.  MgO  83,  KgO  6*5,  HaO  18*8  =  99-4. 


Brookite,  p.  277. — In  Mallard's  yiew,  brookite,  rutile  and  octahedrite  are  all  monoclinic, 
iving  the  sai 
grouped,  see  p, 


having  the  same  primitive  form,  but  difEering  in  the  way  in  which  the  indlyiduals  are 
.  186. 


BRUCtTE.  p.  281. — ManganhrucUe  (IgelstrOm)  is  a  manganesian  yariety  of  brucitc  (1416 
MnO)  from  the  manganese  mines  of  the  Jakobsberg,  Wermland,  Sweden.  In  fine  granular 
form  with  hausmannito  in  calcite. 

JBisenbrucite,  Sandberger.— A  doubtful  substance  resulting  from  the  alteration  of  bm 
cite.    Sieberlehn  near  Jreiberg. 

Cabrerite. — ^Occnrs  in  crystals  (isomorphons  with  erjrthrite)  at  the  zinc  mines  of  Lau- 
rium,  Greece     An  analysis  by  Damour  corresponds  to  NiaAsaOs  -|-8  aq. 

Calamine,  p.  829.— According  to  Groth,  the  formula  should  be  written  HaZnsSiOk. 

CALAysRiTE,  p.  249. — Occurs  at  the  Keystone  and  Mountain  Lion  mines,  Colorado.  Com* 
position  (Genth) :  (Au,  AgjTe,,  with  Au  :  Ag  =  7  : 1.     H.  =  2-5.    G.  =  9-043. 

Cancrinite,  p  817.— An  original  species  (Banff,  Koch),  and  not  an  alteration  product  of 
nephelite,  the  carbon  dioxide  Ming  essential  and  not  due  to  calcite. 

Cartinite,  LundstrSm.— Massiye,  monoclinio  ;  two  deayages  (\90°)*  H.  =  8-8*6.  G. 
=  4*25.  Color,  brown.  Composition,  RsAssOs,  with  B  =  Fb,Mn,€fa,Mg.  Occurs  with 
calcite  and  hausmannite  at  L&ngban,  Sweden. 

CHABA2ITE,  p.  844.— Triclinio,  according  to  Becke,  the  crystals  being  complex  twins  of 
Beyeral  individuals. 

Chalcomentte,  De?  Cloizeauz  and  Damour.  —Monoclinio.  /  A  /=  lOS*"  20'.  0  a  W  := 
89**  9'.  G.  =  8*76.  Color,  bright  blue.  Composition,  OuSeOi  +  d  aq,  or  a  copper  sela- 
hite.    From  the  Cerro  de  Gacheuta,  Mendoza,  Argentine  Republic. 

CHALCOprRFTB,  p.  344.— Found  well  crystallised,  often  coated  with  orystabof  tetrahe- 
drite  in  parallel  position,  near  Central  City,  Gilpin  Co  ,  Colorado. 

Childrenitb,  p.  877.— Formula,  as  shown  by  Penileld,  R,Al,P,0,o  -^  4H,0,  or  AUPaOi  + 
2RH,0  +  2aq,  with  R  r:  Fe  principally,  also  Mn.  This  xequiras*.  PfO.  80*80,  AlOi  dd*dl 
FeO  26*87,  MnO  4*87,  H,0  15*66. 
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A  mlnenl  clooely  related  to  ohiIdrenlt«  hu  been  cftUsd  eotphoHle  bj  Brush  and  E  & 
Dana.  Orthorhombic  In  prismatic  crystals  (see  fig.),  near  chil- 
drenita.  /a/=  IW  1»' ;  p  Ap{lAl)  =  133°  32'^ront),  =  118° 
6«'(side).  IIere/,aDda(i-i)  =  3-iandOo(chiidrenitc.  Alsoniasa' 
irs,  cleavable  to  compact.  Cleavage  parallel  a  (i-i)  nearly  perfect. 
H.  ^  5.  0.  =  8  11-3  145.  Lustre  vitreous  to  sub-resin oua,  al»o 
greasy.  Color  roM  pink,  yellowish,  colorless,  when  compact  various 
Rhades  of  white.     Streak  white.     Transparent  to  transtuccnt. 

Dnrcnil  Formnls  like  childrenite  [see  above),  but  with  much  man- 
ganese and  little  irondU:;!).  Percentage  composition:  P-Oi 
80-88,  AliO,2.:-35,MnOia3-80,  FeO 724,  H,U  15-68  =  100.  B.B.in 
the  forceps  cracks  opens,  sprouts  and  whitens,  colon  the  flame  pale 
green  and  fusesat  4  to  a  black  magnetic  mass.  Reacts  for  manga- 
Dese  and  iron  ;  is  soluble  in  acids.  Occurs  with  other  manganesian 
phosphatas  in  a  vein  of  pegmatite  at  Branohville,  Conn. 

Chlorilluhi.vite,  Soacc hi. —Hydrous  aluminum  chloride  from  VesuTius. 

Cblorokaosesite,  Scacchi. — Hydrous  tnagnesium  chloride  from  Vesuvius.  BigchofiU 
K)ch3eniua  and  PfeifferJ  from  Leopoldahall,  Prussia,  has  the  composition  Mgrl,  +  6  aa. 
CrTstalline,  massive,  foliated  or  flbrous.  Color  white.  Forms  thin  layers  in  halite,  with 
kieserite  and  caroaliite.    Readily  assumes  water  oo  exposure. 

10,  -t-  CuCI,,  forming  thin 


CssrsocoLLA,  p.  388. — Pilariie,  from  Chili,  is  an  aluminous  variety,  16'6  p.c.  Ai,Oi. 

Cebtsouti:,  p.  300. — Neochryaoliti  (Soacchi)  is  a  manganesian  variety  from  Vesuvius. 
A  variety  from  Zermntt,  containing  S  p.c.  TiO,,  has  been  called  Utanolivine. 

CLKVErTE.  NordenskiOld. — A  mineral  closely  related  to  uraninite,  but  besides  uranium 
(and  lead)  contains  yttrium,  erbium,  cerium,  etc.  In  isometric  crvbtals  H.  —  5  6.  Q. 
=  7'4U,  Color  iron  black  A  decomposition  product  of  a  yellow'  color  is  caUed  y(^- 
mmmile  (analogous  to  ordinary  gummite).     Occurs   In  feldspar  at  Oaita,  near  Arendol, 

Norway. 

Clinocrotite,  Sanilberger,  Singer.— An  imperfectly  described  sulphate  of  iron,  etc,, 
occurring  in  sa ffron-vellow  microscopic  crystals,  derived  from  the  decomposition  of  pyrite 
at  Che  Bauersborg,  near  Bischofshcim  vor  der  Rhon.  CUncph/eite,  from  the  same  source, 
occurs  in  blackish  green  microscopic  crystals;  formula  1^,804  4 [RglH.O. -1-6  sq,  with 
[R,]  =  Fe„Al„  and  R,  =  Fe,K„Na,. 

IB  of  the  "clintonitegronp"  of  minerals,  teeTscher- 

CoLORiDOiTE.  Genth.— Massive,  granular.  H.  —  8.  O.  —  8-637.  Lnitre  metallic.  Color 
iron  black.  Composition  HgTe  =z  telinrium  89,  mercury  61  =  lOO.  Oceura  with  native 
tellurinm,  sylvan ite,  gold,  at  the  Keystone,  Mountain  Lion,  and  Smuggler  mines  in  Colorado. 

CoLCMHiTH,  p.  860,— Occurs  sparingly  in  small  translucent  crystals  at  Branchrille,  Conn., 
havine  the  composition  MnCb,0.  +  MnTa,0,  :  containlug  15-98  p  c.MnO,  and  0-48  PeO. 
Also  the  ordinarr  variety  in  groups  of  very  larfn,  though  rough,  crystals,  weighing  some- 
times  SO  poonds,  at  the  same  looolity.    Found  with  amazonttnne  at  Pike's  Pcu,  ColontdOi 
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and  in  Yance^r  Co.,  N.  C.    Also  with  monazite,  orthite,  etc.,  in  Amelia  Connty,  Virginia^ 
allied  in  composition  to  the  above  manganesiau  variety  from  Branchville. 


CORONOUITE,  Raimondi. — An  earthy,  pulverulent  substance  of  a  gray  to  black  color, 
ontainlnff  antimony  pentoxide,  lead,  and  si' 
District  of  Corongo  and  elsewhere  in  Peru. 


rontaining  antimony  pentoxide,  lead,  and  silver  oxides,  water,  but  of  doubtful  homogeneity. 
~-  )f  C<  -    -       - 


CoRUNDOPHiLiTB,  p.  858. — Amestte  of  Shepard,  from  Chester,  Mass.,  is  very  near  corun- 
dophilite. 


Corundum,  p.  367. — Monoclinic  according  to  Tschermak  (orthorhombic.  Mallard) ;  often 

•tically  biaxial.    See  p.  18  >  et  seq. 

Made  artificially,  with  the  colors  of  rubies  and  sapphires,  by  Fr^my  and  Fell. 


CosALiTE,  p.  !?52. — Bjelkiie  of  H.  Sj5gren  is  identical  with  cosalite.  From  the  Bjelke 
mine,  Nordmark,  Sweden. 

CossYRiTE,  Foerstner. — Near  amphibole  in  form,  but  tridinic,  and  with  J  a  /'  = 
114°  5'.  Cleavage  prismatic.  G.  =  3*75.  Color  black.  An  analysis  gave :  SiOa  43*55, 
AlaO,  4-96,  Fe,0,  7*97,  FeO,  82  87,  MnO  1*98.  CuO  0-89,  MgO  086,  CaO  2  01,  Na,0  529, 
K9O  0*88  =  100*21.  In  minute  crystals  weathered  out  of  the  ground  mass  of  the  lipatite 
lavas  of  the  Island  Pantellaria  (ancient  name  Cossyra). 

Craigtokitb,  Heddle. — ^Doubtful  mineral,  contains  AltOi,  FesOg,  MgO,  etc.  Dcndritea 
in  granite  at  Craigton,  Aberdeenshire,  Scotland. 

Crocoitb,  p.  885. — Described  by  B.  Sxlliman  as  occurring  at  the  Phenix  and  other  mines 
in  Yavapai  Co.,  Arizona. 

Cryoute,  p.  264. — Observations  of  Krenner  make  cryolite  monoclinic  instead  of  triclinic. 
Cryolite  and  some  related  fluorides  have  been  found  (Cross  and  Hillebrand)  in  the  Pike's 
Peak  region,  El  Paso  Co.,  Colorado. 

CupRocALCiTE,  p.  411. — Mechanical  mixture  of  CaCOi  and  CusO,  Damour. 

CusptDiNB,  Soacchi. — In  spear-shaped  monoclinic  crystals  ;  color  pale  rose  red.  A  calcium 
silicate  containing  fluorine.    Vesuvius. 

c^AKiTB,  p.  882.~Reoently  found  in  well  terminated  crystals,  Bauer,  vom  Hath. 

Cyprusite,  Reinsch — A  supposed  anhydrous  iron  sulphate,  occurring  in  the  western 
part  of  the  island  of  Cyprus.  Soft.  Color  yellow.  Analysis  :  S0|  21*5,  FeaOg  (AlaO*  tr.) 
51*5,  insol.  silica  (shells  of  Radiolaria)  25,  HaO  (hygrosc.)  2  =  100. 

Daxalite,  p.  802.— Occurs  at  the  iron  mine  of  Baitlett,  N.  H.  (Wadsworth). 

Dakburitb,  p.  811.  Occurs  (G,  J.  Brush  andE.  S.  Dana)  well  crvstallised  and  abundant 
at  Russell,  N.  Y.  Orthorhombic,  homceomorphous  with  topaz  ana  like  it  in  habit.  J  A  J 
=  122'  52' (topaz  =  124"  17'),  w AW'  =  54°  58'  (topaa  =  55°  20'),  d Ad  =  97"  7'  (topaz  =  96*  6). 

Common  forms  as  in  flgures,  10  =  4-1,  <2s  1-1,  ^=i>2,  n  =  i-4,  r=  2-2.    Color  pale  wine 
or  honey  yellow,  colorless.    Transparent    Composition  CaBtSiaOt,  as  of  Danbury  mineraL 


Also  from  the  Skopi,  SwitMrland,  in  transparent  crystali. 
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Datrevxite,  de  Koninck.— In  aggregates  of  minute  acionlar  crystals.  Color  white, 
with  tinge  of  red.  Calculated  composition  :  SiOa  40*89,  AI3O,  4019,  MnO  6*98,  MgO  1  80, 
H^  4*69  =r  100.     Ooours  in  quartz  veins  in  the  Ardennes  schists  at  Ottre,  Belgium. 

Dawbontte,  p.  410. — Occurs  (C'haper)  in  the  prorince  of  Siena,  Plan  ("astagnaio,  Tuscany. 
Analysis  gave  Friedel :  (J)  CO,  29-09,  AUO,  86  89,  Na^O  1913,  HaO  12-00,  MgO  1-.39, 
CaO  0-4-,\ 

Delesstte,  p.  8)6. — More  or  less  related  to  the  chloritic  delessite  are:  Subdelessiie  from 
the  ThQringer  Wald  ;  IlullUe,  Cammoney  HiU,  near  Belfast,  Ireland. 

» 

Descloizite,  p.  867.— Occurs  in  the  Sierra  dc  Cordoba,  Argentine  Republic  ;  perhaps  also 
in  Arizona.  Composition  of  South  American  mineral  (Rfunmelsberg)  RiYttOH  +  RII3O3, 
with  R  -  Pb  (56  p.c.  s  Zn  (17  p.c.) 

Brackehnschiic  from  Cordooa,  Argentine  Republic,  occurs  in  small  striated  crystals. 
Color  black,     i  omposition  perhaps  RsVaO.  h-  HjO,  with  R  =  Pb  :  Fe  :  Mn  =  4  : 1  ;  1. 

Destinezite,  Forir  and  Jariasen. — An  iron  phosphate  from  Argentean,  Belgium ;  occurs 
in  yellowish  white  earthy  masses. 

Diamond,  p.  228. — Has  been  made  artificially,  in  the  form  of  a  fine  sand,  by  J.  B.  Hannay. 


Lustre  vitreous,  on  e  peaily.  Color  various  shades  of  green.  Composition  4R3P20«  +  8aq. 
with  R  =  Mn,Pe,' a,Na„  requiring:  P,05  40-{)5,  FeO  12-69,  MnO  2504,  CaO  11-85, 
NaaO  6*58,  H^O  3-81  =  10  •.  Occurs  with  eofiphorite,  triploidite,  etc.,  in  pegmatite  at 
Branchville,  Conn. 

Dieteichite,  v.  SchrOckinger.— a  zinc-iron*mangane8e  alum,  related  to  mendozlte.  etc. 
A  recent  formation  at  FelsOfcMinya,  Transylvania. 

DopPLEEiTE,  p.  415.— A  black  gelatinous  hydrocarbon  from  a  stratum  of  muck  below  a. 
peat  bed  at  Scranton,  Penn.,  is  called  by  H.  C.  Lewis  phytocollite;  empirical  formula. 

C'loHaiOig. 

D0UGLA8ITB,  Oohsenius,  Precht.— From  Douglasshall,  formula,  2KC],FeCls,2H30. 

DiTMORTTEEiTE,  Bamour,  Bertrand. — In  minute  prismatic  crystals  of  a  cobalt  blue  color,, 
imbedded  in  gneiss.  Analvsis  (Damour)  :  SiOt>  29*85,  AUO,  6602,  Fe«0>  1-01,  MgO  0-45, 
ign.  2*25  =  99-58  ;  near  anaalusite.     From  the  gneiss  at  Chaponost,  near  Lyons,  France. 

DupoRTHTTE.  Colllus. — Au  asbestifonu  mineral  filling  fissures  in  serpentine.  Color  green- 
ish to  brownish  gxay.  Contains  silica,  alumina,  iron,  magnesia,  and  water.  Duportn,  St. 
Austell,  Comwall. 

DuBFELDTiTE,  Raimondt, — Massive,  indistinctly  fibrous.  Color  light  gray.  Metallic. 
Composition  3RS  +  Sb^Ss  (if  the  results  of  an  analvsis  after  deducting  81  p.c.  gangue  can 
be  trusted),  wiih  R  =  Pb,Ag2,Mn,  also  Fe,Cu9.  from  the  Irismachay  mine,  Anquimarca, 
Peru. 

Dysanalttb,  Knop. — The  perofskite  of  the  Kaiserstuhl  is,  according  to  Knop,  a  new 
columbo-titanata  of  calcium  and  iron  (with  also  Ce,Na). 

Egooiote,  Schrauf.~In  minute,  grayish-brown  crystals  (triclinic)  near  barite  in  habit. 
Supposed  to  be  a  cadmium  silicate.    6cours  with  calamine  and  smithsonite  at  Altenberg. 

Ekdemite,  NordenskiOld. — Massive,  coarsely  granular,  also  incrusting.  Cleavage  basal. 
H.  =  2-5-8.  G.  -  714.  Color  bright  yellow  to  green  Composition  Pb»As,0«  -h  2PbCl, 
sz  AsaO,  10-69,  PbO  60-67,  CI  7*58,  Pb  22-16  =  100.    Found  at  L&ngban,  Sweden. 
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ELEONOSTTfi,  Nies.— Monoclinio  ;  often  in  druses  and  in  radiated  cmsts.  Cleayage  orAo- 
diagonal.  H.  =  8-4.  Lustre  vitreous.  Color  red  brown  to  dark  hyacinth  red.  Streak 
yellow.  Composition  (Streng)  SFeaPgOs  -i  Fea£leOe-4-5  aq.  From  tho  Eleonore  mine  on  the 
bilnsberg,  near  Giessen,  and  the  Rothlaufchen  mine  near  Waldgirmes.  Perhaps  identical 
with  the  iron  phosphate  beraunite  from  Benigna,  Bohemia. 

ELLoyrrs,  Heddle. — Impure  silicate  of  magnesia,  containing  SiOa.  In  gneiss  near  Ellon, 
Aberdeenshire,  Scotland. 

Elroquite,  Shepard. — A  heterogeneous  substance  containing  silica,  alumina,  iron  oxide, 
water  and  (as  an  impurity)  82  p.c.  PaOt.     Island  of  Elroque,  Caribbean  Sea. 

Entsite,  Collins. — ^A  bluish-green  stalagmitic  substance  consisting  of  aluminum  hydrate, 
basic  copper  sulphate,  calcite,  etc.     St.  Agnes,  Cornwall. 

Epistilbite,  p.  847. — Monoclinic,  Des  Cloizeaux.  Parast&bite  and  reiaaite  are  probably 
identical. 

EpsomTE,  p.  894. — Beichardtite  (Krause)  is  a  massive  variety  from  Stassfurt  and  Leo- 
poldshali. 

Erilite,  Lewis. — ^Acicular,  wool-like  crystals  of  unknown  nature  occurring  in  a  cavity 
in  the  quartz  from  Herkimer  Co.,  K.  Y. 

Eeiochalcite,  Scacchi. — Copper  chloride  from  Vesuvius. 

Erythsozincite,  Damonr. — In  thin  crystalline  plates.  Color  red.  Perhaps  (Des  Cloi- 
zeaux) a  manganesian  variety  of  wurtzite. 

EucLASE.  p.  828. — Found  in  good  crystals  in  the  Tyrol,  from  the  Hohe  Tauem,  perhaps 
at  Kauris. 

EucRASiTB,  Paijkull. — A  mineral  from  Brevig,  Norway,  near  thorite. 

EncRYPTiTE,  G.  J.  Brush  and  E.  S.  Dana. — Hexag- 
onal. In  regularly  arranged  crystals  imbedded  m 
albite  (like  graphic  granite,  see  fig.)  both  of  which  have 
resulted  from  the  alteration  of  spodumene.  G.  =  2  '667. 
Composition  LiaAl,>SiaOi,  =  SiO,  47-51,  AlaO,  4061, 
LiaO  11  -88  =  100.    Branchville,  Conn. 

EuLTTiTE,  p.  802. — Pseudo  rhombohedral  according 
to  Bertrand. 

EtJSYNCHiTE  is  (Rammelsberg)  4Pb3VaOR  +  dZnsViOt. 
Araoxene  is  2(Pb,Zn)3VaOe  +  (Pb,Zn),As,  0«. 

Tritoehorite  (Frenzel)  is  related,  composition  RaVaO^, 
with  R  =  Pb  (54  p.c.),  Cu  (7  p.c),  Zn  (11  p.c).  Lo- 
cality  uncertain. 

Fatrfieldtte.  G.  J.  Brush  and  E.  8.  Dana.— Triclinic.  Foliated  or  lamellar,  crystalline; 
also  in  radiating  masses,  curved  foliated  or  fibrous.  Cleavage  brachydiagonal  perfect 
Lustre  pearly  to  subadamantine.  Color  white  to  pale  straw  vellow.  Transparent.  Com- 
position R,P,0„  +  *>aq,  with  R  =  Ca  :  (Mn  -h  Fe)  =  2  : 1.  This  requires :  PaO.  8980,  FeO 
6*64.  MnO  18*10.  CaO  80*99,  H,0  9*97  :=  100.  Occurs  with  other  manganesian  phosphates 
at  Branchville,  Conn. 

Le^icomanganite  (Sandberger)  from  Habenstein,  Bavaria,  may  be  identical ;  not  yet 
described. 


Feldspab  Gbovp.— Schuster  has  shown  that  in  the  series  of  triolinio  feldspars  there  is 
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in  optical  relations  the  same  gradual  transition  from  the  one  extreme  (albite)  to  the  other 
(anorthite)  as  exists  in  composition.  Thus,  he  finds  that  the  directions  of  light-cstinction, 
as  observed  on  the  basal  and  clinodiagonal  sections,  the  position  of  the  axes  of  elasticity, 
the  dispersion  of  the  axes,  and  the  axial  angle  all  show  this  gradual  chaoge  in  the  same 
direction.  These  results  confirm  the  accepted  view  of  Tschermak  that  the  intermediate 
tridinic  feldspars  are  to  be  regarded  as  isomorphous  mixtures  of  albite  and  anorthite  in 
varying  proportions  ;  moreover,  they  explain  the  apparent  difficulties  raised  by  the  obser- 
vations of  I>Bs  Cloizeaux  (p.  819).  The  angles  given  on  p.  820  are  then  true  only  in  special 
cases,  since  in  the  varieties  varying  in  composition  these  values  will  also  vary.  The  values 
for  angles  (given  by  Schuster)  made  by  the  extinction-directions  with  0  and  i-l  are  as 
follows : 

WithO  With*-i 

Albite +4"      to      +  8'  +18'* 

Varieties   between    Albite )  .  oo      *«       .  ^«  .  lao 

and  OUgoclase ]         "^  ^       ^^      "*"  ^  "^  ^^ 

Oligoclaae +2*      to      +1"  +8'    to     +2' 

Andesite -V      to      -2'  -4°    to    -6 

Labradorite -4°      to      -6*  -17 


Varieties    between   Labra- )  iao    x^        iqo  oqo 

dorite  and  Anorthite. ...  J         *"  ^^      to    -  i»  -  ^w 

Anorthite -88'  -40' 

Feegusonitb,  p.  862. — New  localities :  Rockport,  Mass.  (J.  L.  Smith) ;  Burke  Co.,  N.  C. 
(Hidden) ;  Mitchell  Co.,  N.  C.  (Shepard). 

FERBOTELLURrrE,  Qcuth. — In  delicate  radiating  crystalline  tufts  of  a  yellow  color.  Per- 
haps an  iron  tellurate.    Keystone  mine.  Magnolia  District,  Colorado. 

FiLLowiTE,  G.  J.  Brush  and  E.  S.  Dana. — Monoclinic  ;  pseudo-rhombohedral.  Gk^ner- 
ally  in  granular  crystalline  masses.  H.  =  4*5.  G.  =8*48.  Lustre  subresinous  to  greasy. 
Color  wax  yellow,  yellowish  to  reddish  brown.  Composition  SRaPtOg  -H  ag,  with  R  =  Mn, 
Fe,  Ca,  Na, ;  requiring  :  P«0, 40-19,  PeO  6*80,  MnO  4010,  CaO  528. Na,0  6  84,  H^O  1*70 
=  100.    Occurs  with  other  manganesian  phosphates  in  pegmatite  atBranchville,  Conn. 

Fluorite,  p.  2d8. — Pseudo-isometric,  according  to  Mallard  ;  see  p.  186. 

FoBESiTE,  p.  847. — Probably  identical  with  stilblte. 

Fkanklascdtte,  Reynolds. — Near  ulexite.  Massive.  White,  G.  =  1*65.  Composition 
Na4Ca9Bi90aa,  iSHaO.    Tarapaca,  Peru. 

Fbktaute,  Esmark^  Damour.— A  silicate  of  cerium,  thorimny  etc.  G.  =  4*06-4*17. 
Color  brown.    From  Brevig,  Norway. 

GADOumTE,  p.  809. — Contains  the  new  earth  ytterbium  (Marignac),  also  scandium  (Cleve) 

GALKNOBiSMtJTTns,  H.  Sjogren.— Massive,  compact.  H.  =  8-4.  G,  =6*88.  Lustre  me, 
tallic.  Color  tin  white.  Streak  grayish  black.  (  omposition  PbBi2S4  or  PbS  +  BijSa, 
requiring,  S  16*95,  Bi  65*62,  Pb  27*48  =  100.  Occurs  with  bismutite  at  the  Kogrufva, 
Nordmank,  Sweden. 

Ganomaltte,  NordensklMd.-^MassiTe.  H.  =  4.  G.  =  4*98.  Lustre  greasy.  Colorless 
to  white  or  whitish  s^y.  Transparent.  Composition  (Pb,Mn)SiOi ;  analysis  (Lind« 
BtrOm  :  SiO,  84 55,  PbO  8489,  MnO  2001.  CaO  4*89,  MgO  8*68,  alk.,  ign.  1 88=99-68. 
Occurs  with  tephroite,  natire  lead,  etc.,  at  Langban,  Sweden. 

Gabnet,  p.  802.-^Psendo-isometric,  according  to  Mallard  and  Bertrand,  see  p.  186^ 
Nearly  colorless  garnets  occur  at  Hull,  Canada  ;  others  containing  5  p.c.  CraOs  at  Wakefleld« 
Quebec.    Large  perfect  crystals  in  mica  schist  near  Fort  Wrangell,  Alaska. 

Gabnibrite,  p.  851. — An  allied  hydrate  silicate  of  magnesium  and  nickel  has  been 
ioxmd  in  Southern  Oregon,  at  Piney  Mountain,  Cow  Creek,  l>ougla8  County, 
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GiNiLSiTE,  Fischer.— A  doubtful  silicate  from  the  Ginilsalp,  GraubOnden,  Switzerliaid 
GisMOXDiTE,  p.  841. — Triclinic,  complex  twins,  according  to  Sohrauf  and  y.  Lasaulz. 

GuANAJUATTTc,  Femaudez,  1878. — The  same  mineral  as  that  afterward  called  frenzelite 
(p.  228).  Composition  (Mallet),  BiaSes,  with  a  little  Be  replaced  bj  S.  SUaonii-e  is  a 
mechanical  mixture  of  this  mineral  and  native  bismuth. 

GuNNisoNirB,  Clarke  and  Perry  (Am.  Chem.  Joum.,  iv.,  140).— A  massive  substance,  of 
a  deep  purple  color,  mixed  with  calcite.  An  analysis,  after  deducting  12-75  CaCOg,  yielded 
CaFa  74-89,  CaO  11*44,  SiO,  6-87,  AlaO,  595,  iJaaO  0*85  =  100.  Probably  an  impure 
fluorite  ;  perhaps  altered  ;  certainly  not  a  homogeneous  mineraL 

GuEJABiTE,  Cumenge.— Orthorhombic  ;  in  prismatic  crystals,  form  near  that  of  chaloo- 
stibite.  H.  =  3"5.  G.  =  5-03.  Color  steel  gray.  Composition  CuaSb4S7  or  Cu,S  +  2Sb8S,. 
From  the  copper  mines  in  the  district  of  Guejar,  Andalusia. 

GuHMiTE. — This  decomposition  product  of  uraninite  occurs  in  oonsiderable  masses  at 
the  Flat  Rock  mine,  Mitchell  Co.,  W.  C. 

Gtrolttb,  p.  828. — Tobermorite  of  Heddle,  is  near  gyrolite  and  okenite.  Massiye.  Color 
pinkish  white.  G.  =  2-428.  Analysis  :  SiO,  46*62,  A1,0«  8-99,  FaO,  066,  FeO  1-08,  CaO 
88-98,  KaO  0-57,  NaaO  089,  HjO  1211  =  9981.  Filling  cavities  in  rocks  near  Tobermory, 
Island  of  Mull. 

Hallotsite,  p.  852. — Indicmadte  of  Cox,  is  a  white  porcelain  clay,  useful  in  the  arts, 
occurring  in  considerable  beds  in  Lawrence  Co.,  Indiana. 

Hannayfte,  vom  Bath. — In  trielinic  prismatic  crystals.  G.  =  1*893.  Composition 
H4(NH4)MgsP40ie  +  8  aq.     Occurs  in  guano  of  the  Skipton  Caves,  Victoria. 

Hatchettolitb,  J.L.  Smith. — Isometric,  habit  octahedral.  H.  =  5.  G.  =  4'77-4*90.  Lustre 
resinous.  Color  yellowish  brown.  Translucent.  Fracture  conchoidal.  A  columbo-tan- 
talate  of  uranium  and  calcium,  containing  5  p.c.  water ;  closely  related  to  pyrochlore* 
With  samarskite  in  the  mica  mines  of  Mitchell  Co.,  N.  C. 

Hayesine. — According  toN.  H.  Darton,  this  borate  occurs  sparingly  with  datolite  and  cal- 
cite at  Bergen  Hill,  N.  J. 

Hedyphane,  p.  867. — A  variety  from  Langban  contains  (LindstrOm)  8  p.c.  BaO.  Mono- 
clinic  (Des  Cloizeaux),  and  perliaps  isomorphous  with  caryinite,  p.  422 ;  this  would  sepa- 
rate it  from  mimetite. 

Heldburgite,  Lildecke. — In  minute  tetragonal  crystals,  resembling  guarlnite.  Color 
ycUow.  H.  =^  6 '5.  Composition  unknown.  In  feldspar  of  the  phonolyte  of  the  Heldburg, 
hear  Coburg. 

HELvrrE,  p.  802. — Occurs  at  the  mica  mine  near  Amelia  Court  House,  Amelia  Co.,  Vir- 
ginia. In  crystals  and  crystalline  masses,  of  a  sulphur-yellow  color,  imbedded  in  ortho- 
clase. 

Henwoodite.  Collins. — In  botryoidal  globular  masses,  crystalline.  H.  =  4-4*5.  G. 
=  2*67.  Color  turquoise  blue.  A  hydrous  phosphate  of  aluminum  and  copper  (7  p.c. 
CuO).    West  Phenix  mine,  Cornwall. 

HEBBEyoRUNDiTE,  Brezlna  (=  UrvT^lgyite,  Szab6). — In  spherical  groups  of  sizHsided  tabu- 
lar crystals  (monoclinic).  Cleavage  basal  perfect.  H.  =  2*5.  G.  =  8*182.  Lustre  vitreous, 
pearly  on  cleavage  face.  Color  emerald  to  bluish  green.  A  hydrous  basio  sulphate  of 
copper,  aUied  to  langite.    From  Herrengrund  (=  UrvOlgy)  in  Hungary. 
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Gnamv  p.  dd8.-^P9eiido*i9ometrio  (triolinic)  acoording  to  Becke,  but  the  conclnsion  is 
not  beyond  question. 

Hetarolitb  (Hetairite),  G.  E.  Moore. — In  botryoidai  coatings,  with  radiated  structure. 
H.  =6.  G.  =  4*988.  Stated  to  be  a  zino  hausmannite.  Occurs  with  chalcophanite  at 
Sterling  Hill,  New  Jersey. 

Heubachite,  Sandbere;er. — In  thin  soot-like  incrustations,  also  dendritic.  Color  black. 
A  hydrous  oxide  of  cobeJt  and  nickeL     Heubachthal,  near  Wittichen,  Baden. 

Heulaitdite,  p.  847. — Oryzite  of  Orattarola  may  be  identical  with  heult  nc.ite.  In 
minute  white  crystids,  resembling  rice  grains  (ppvl^a,  rice).    Elba. 

HmBBBTTTE,  Heddle. — A  lemon-yellow  powder  in  kammererite ;  in  composition  probably 
a  mixture  of  magnesium  hydrate  and  calcium  carbonate.  From  the  chromite  quarry  in 
the  island  of  Unst,  Scotland. 

HiBRATiTE,  Cofisa  (Traus.  Acad.  Line,  III.,  vi.,  14). — ^A  potassium  fluo-silicate,  2KF  + 
SiF4,  obtained  in  octahedral  crystals  from  an  aqueous  solution  of  j)art  of  stalactitic  concre. 
tions  found  at  the  furoaroles  of  the  crater  of  Vulcano.  The  concretions  have  a  grayish  color, 
a  spongy  texture,  rarely  compact,  and  consist  of  hieratite,  lameiiie  of  boracic  acid,  with 
selensulphur,  arsenic  sulphide,  etc. 

.  HoMiLTTE,  Paijkull. — Near  gadolinite  and  datolite  in  ancles  and  habit.  H«  =  4*5-6. 
G.  =  8*84.  Lustre  resinous  to  vitreous.  Color  black  or  blackish  brown.  Translucent  in 
thin  splinters.  Composition  FeCaBaSiaOie,  or  analogous  to  datolite.  From  the  Stock6, 
near  Brevig,  Norway. 

HoPETrs. — Composition  probably  ZuiPsOs  +  4  aq.    Orthorhombic.    Altenberg. 

■ 

HuBNERmc,  p.  883. — Found  (Jenney)  near  Deadwood,  Black  Hills,  Dakota.  Also  in  rho- 
dochrosite  at  Adervielle,  in  the  Hautes  Pyr^n^es. 

HuNTiLrrB,  Wurtz. — An  imnure  massive  mineral  from  Silver  Islet,  Lake  Superior,  re- 
garded as  a  basic  silver  arseniae. 

HTALOTEKrrB,  Nordenski5ld. — Coarsely  crystalline,  massive.  H.  =  6*5*5.  G.  =  8*81. 
Lustre  vitreous  to  greasy.  Color  white  to  pearly  gray.  Analysis  (incomplete) :  SiOa  89*62, 
PbO  25*80,  BaO  20  66,  CaO  7  00,  ign.  0*82,  AlaO.K.O,  etc.,  tr.    From  Lilngban,  Sweden. 

Htdhocebusstte,  NordenskiOkL — ^A  hydrous  lead  carbonate,  occurring  in  white  or  color- 
less crystalline  plates  on  native  lead  at  L&ngban,  Sweden. 

HTDROFBAKKLnnTE,  RosppeT. — ^A  hydrous  oxide  of  zinc,  manganese  and  iron,  occurring 
in  brilliant  regular  octaheorons,  with  perfect  octahedral  cleavage.  Sterling  Hill,  N.  «f. 
Never  completely  described. 

Htdbophiute,  Adam. — Calcixmi  chloride ;  see  chlorocalcite,  p.  260. 

HTDBOBHODONrrE,  Engstrdm, — A  hydrous  silicate  of  manganese  (MnSiOi  +  aq).  Massive, 
crystalline.     Color  red  brown.     L&ngban,  Sweden. 

Ilbsite,  AVuensch. — In  loosely  adherent  crystalline  aggregates.  Color  white.  Taste 
bitter,  astringent.  Composition  (M.  W.  lies)  RSO*  4-  4  aq,  with  R  =  Mn  :  Zn  :  Fe  =  5 : 
1:1.    Occurs  in  a  siliceous  gangue  in  Hall  Valley,  Park  Co.,  Colorado. 

loDOBBOMiTE,  v.  Lasaulx. — Isometric,  octahedral.  G.  =  5-718.  Color  sulphur  yellow, 
sometimes  greenish.  Composition  2Ag(Cl,Br)  +  Agl.  From  the  mine  '*SchOne  Aus- 
gicht,"  Dembach,  Nassau. 

Ibon,  p  226. — The  later  investigations  of  the  so-called  meteoric  iron  of  Ovilak,  Disco 
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Bay,  Gfeeniand,  mote  edpecially  by  T5mebohm  and  J.  Lawrence  Smith,  lesTo  no  doubt  {hat 
it  IS  in  fact  terrestrial* 

Jamesonite,  p.  251. — Occurs  in  Sevier  Ck>.,  Arkansas,  with  other  ores  of  antimony. 

Jabosite. — Occurs  in  tabular  rhombohedral  crystals  at  the  Vulture  mine,  Arizona 
(Silliman),  and  at  the  Arrow  mine,  Chaffee  Co.,  Colorado  (KDnig).    Composition  KaS04  + 

FCaSaOn  +  2FeaHe08. 

Kentboltte,  Damour  and  vom  Rath.— In  minute  orthorhombio  crystals,  grouped  in 
sheaf -like  forms  like  stilbite.  H.  =  5.  G.  =6*19.  Color  dark  reddish  brown.  Composition 
probably  PbaMuaSiaO..    From  Southern  Chili. 

Krennerite,  Tom  I^th  (Bunsenin,  Krenner). — Orthorhombio ;  in  vertically  striated 
prismatic  crystals.  Color  silver  white  to  brass  yellow.  Lustre  metallic,  brilliant.  A  telia- 
ride  of  gold,  perhaps  related  to  calaverite.    Nagyag,  Transylvania. 

Lautite,  Frenzel. — GkneraUv  massive.  H.  =8-8*5.  G=:4-96.  Metallic.  Color  iron 
black.    Formula  given  CuAsS,  but  very  probably  a  mixture.    Lanta,  Marienberg,  Saxony. 

Lawbencitb,  Daubree. — Iron  protochloride  occurring  in  the  Greenland  native  irony  etc 

.   Leadhillite,  p.  890. — Susannite  is  Tery  probably  identical  with  leadhillite. 

•  LEmrrrE,  K5nig.-^In  verruciform  incrustations,  consisting  of  fine  scales.  Color  various 
shades  of  green.  A  hydrous  silicate  of  aluminum,  iron,  magnesium,  and  calcium.  Leiper- 
ville,  Delaware  Co.,  JPenji. 

Leucite,  p.  818. — Has  been  made  artificially  by  Fouque  and  Levy  ;  also  an  iron  leucite 
has  been  made  by  Hautefeuille  ;  optical  character  as  of  natural  crystals. 

LEUCocdALCiTE,  Saudbergcr. — In  slender,  nearly  white  crystals.  According  to  an  imper- 
fect description,  an  arsenical  tagilite.    Wilhelmine  mine  in  the  Spessart. 

Lbuoophamitb,  p.  800. — ^Monoclinic  (Bertrand,  Groth),  twins  analogous  to  those  of  har- 
motome. 

Leuoottle,  Hare. — In  irregfularly  grouped  silky  fibres  of  a  green  color.  Analysis  :  SiOa 
28-98,  AlaO,  6-99,  FcaO.  8-16,  MgO  29-78,  CaO  7-37,  NaaO  182, K,0  tr., HaO  1729  =  90-89. 
Beichenstein,  Silesia. 

LiBETHEiriTV,  p.  878. — Pseudo-orthorhombic,  monoclinic,  according  to  Schranf. 

LiSKEABDiTE,  Maskelyne. — Massive,  incrusting.  Color  white^  Stated  to  have  the  compo- 
sition AleAsaOi4,16HaO.     Not  fully  described.     Liskeard,  Cornwall. 

LiviNGSTONrrE,  p.  282. — Composition  probably  HgaS  +  4SbaSs. 

LomsiTE,  Honeymann.— A  transparent,  glassv,  leek-green  mineral.  H.  =  6*5.  G.  =  2-41. 
Analysis  (H.  Louis)  :  SiO,  6874,  Al.O,  0  57,  t'eO  1  26,  MnO  tr.,  CaO  17*27,  MgO  0-88, 
KaO  3  88,  NaaO  0*08,  HaO  12  96  =  99-68. 

Macfablaxitb,  Sibley. — A  name  given  to  the  complex  granular  silver  ore  of  Silver  Islet, 
Lake  Superior,  which  has  yielded  the  supposed  huntuite. 

Magnoltte,  F.  a.  (}enth. — In  radiating  tufts  of  minute  acicular  crystals.  Color  whiter 
Lustre  silky.  Composition  perhaps  HgaTe04.  A  decomposition  product  of  coloradoite, 
Keystone  mine,  Magnolia  District,  Colorado. 
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Hallabdtte.  Camot. — ^In  colorless  cystalline  fibrous  masses.  Composition  MnSOi  +  7aq. 
From  the  '^hncky  Boy"  silver  mine,  Butterfield  Oa&on,  near  Salt  Lake,  Utah. 

Manganobite,  Blomstrand. — Isometric.  Cleavage  cubic.  H.  =  5-6.  G.  =  5"I18. 
Lustre  vitreous  Color  emerald  green  on  fresh  fracture,  becoming  black  on  exposure. 
Composition  MnO.    From  Langfoan,  and  from  the  MosQgrufva,  Notdmark,  Sweden. 

Mabmaibolite,  Hoist. — In  fine  crystalline  needles.  H.  =  5.  G.  =  8  07.  Color  pale 
yellow.  Composition  near  enstatite,  but  with  0  p.cNaaO  and  1'9  p.c.  KaO.  L&ngoan, 
Sweden. 

Matbicite,  Hoist.— In  crystalline  masses.  H:  =  8-4.  G.  .=  2-58.  Color  pay.  Feel 
greasy.  A  hydrous  silicate  of  magnesium,  near  villarsite,  but  with  one  molecule  HaO. 
From  the  Krangrufva,  Wermland,  Sweden. 

Mblanotbkitb,  LindstrSm. — Massive,  cleavable.  H.  =6'5.  G.  =  5-73.  Lustre  metallic 
to  resinous.  Color  black  to  blackish  gray.  Composition  PbaFcaSiaOg  (analogous  to  ken- 
trolite).     With  magnetite  and  yellow  garnet  at  L&agban,  Sweden. 

Melanothallite,  Scacchi. — Copper  chloride  from  Vesuvius. 

Melantbbitb,  p.  895, — Luehite  of  Camot  is  a  variety  containing  1*9  p.c.  MnO.  **  Lucky 
Boy"  silver  mine,  Butterfield  Canon,  near  Salt  Lake,  Utah. 

Melxphantte,  p.  800. — ^Tetragonal  according  to  Bertrand. 

Menaccanite,  p.  269. — Hydroilmenite  of  Blomstrand  is  a  partially  altered  variety,  con- 
taining a  little  water.    From  Smaland,  Sweden. 

Mica  Gboup,  pp.  811  to  815. — Tschermak  has  shown  that  all  the  species  of  the  mica 
group  are  monocnnic.  an  axis  of  elasticitv  being  inclined  a  few  degrees  to  the  plane  of 
cleavage  ;  these  conclusions  are  confirmed  by  Bauer  ;  and  von  Koksoharof  shows  that  in 
angle  uiere  is  no  sensible  deviation  from  the  orthorhombic  type. 

Tachermak  divides  the  species  into  two  groups  as  follows  : 

I.  n. 

Bioiitea:  Anomite.  Meroxene,  Lepidomelane. 

PlUogopiiea :  Phlogopite,  Zmnwaldite. 

(  Lepidolite, 
IfaseovUes :  <  Muscovite, 

( Paragonite. 
Mcvrgaritea :     Margarite. 

In  group  I.  are  included  all  the  micas  in  which  the  optic  axial  plane  is  perpendicular  to  the 
plane  of  symmetry  ;  and  group  II.  includes  those  in  which  it  is  parallel  to  the  plane  of 
8}rmmetry.  Thus,  the  former  species  biotite  is  divided  on  this  principle  into  anomite 
{dvo/itoi,  contrary  to  law)  and  meroxene  (Breithaupt's  name  for  the  yesuvian  biotite).  For 
example,  the  mica  occurring  with  diopside  in  granular  calcite  at  Lake  Baikal  is  anomite, 
as  also  that  from  Greenwood  Furnace,  N.  Y.  Meroxene  is  represented  by  the  Vesuvlan 
magnesian  mica.  Muscovite  includes  also  some  of  the  "hydro-micas''  to  all  of  which 
belong  the  formula  (HjIQaAljSiaOs  ;  phenrjite  is  a  name  given  to  some  muscovitcs  approach- 
ing lepidolite  in  composition,  and  thus  not  conforming  to  the  unisilicate  type.  For  the  full 
discussion  of  the  subject,  see  the  original  memoirs  of  Tschermak  and  also  those  of  Kammels- 
beM^  etc.,  referred  to  in  Appendix  III. 

Baunlitmiite  (Heddle),  from  Scotch  granite,  etc.,  is  a  varietv  of  biotite,  characterized  by 
containing  much  FeO  (to  19  p.c  )  and  little  MgO.  SiderophyUite  (H.  C.  Lewis)  from  Col- 
orado contains  all  FeO  (25-5  pc.)  and  only  a  trace  of  magn^La. 

Micboltte,  p.  859 — In  small  brilliant  octahedrons,  light  grayish  yellow  to  blackish  brown 
fNordenskiOld),  at  TJt5,  Sweden.  G.  =  5-26.  Composition  CasTaaOt,  with  also  MnO  and 
MgO. 
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Occurs  at  the  mica  mines  of  Amelia  Co.,  Virginia  (Dannington).  In  modified  octa- 
hedrons, also  in  large  (to  4  lbs.)  imperfect  crystals.  G.  =  5*656.  Composition  essentially 
CaaTaaO?,  with  also  ^  CbOFs.     Also  occurs  at  Branchville,  Conn.  (Brush  and  Dana). 

Haddamite  of  SJiepard,  from  Haddam,  Conn.,  is  related,  perhaps  identical. 

MiLABiTE. — Orthorhombic,  pseudo-hexagonal.  Composition  HKCaaAisSistOto.  Origin- 
ally described  from  Val  Milar,  bat  really  (Ruschel)  from  Vai  Giuf,  Switzerland  (giufite). 

MnfBTiTE,  p.  866. — Aooording  to  Bertrand  and  Jannettaz,  errstals  of  pure  lead  arsenate 
are  biaxial;  as  the  amount  of  lead  phosphate  increases  the  angle  diminishes  and  pure  lead 
phosphate  (pyromorphite)  is  uniaxial ;  but  this  may  be  due  to  the  grouping  of  uniaxial 
crystals  in  positions  not  quite  parallel.  Occurs  with  vanadiuite  in  Yuma  Co.,  Arizona 
(Sjlliman,  Blake). 

MiXTTE,  Schrauf. — Incrusting,  crypto  crystalline.  Color  emerald  to  bluish  green.  H. 
=:  &-1.    G.  =2*66.    A  hydrous  arsenate  of  copper  and  bismuth.    Joachimsthal. 

Molybdenite,  p.  238.— Perhaps  orthorhombic  (Groth). 

MoLTBDOMENiTE,  CoBALTOMENiTE,  Bertrand  (Bull.  Soc.  Min.,  v.  90). — Minerals  belonging 
to  the  same  group  of  selenites  as  chalcomenite.  Moiyhdomenite  is  a  lead  selenite,  occur- 
ring in  thin  white  lamellaB,  nearly  transparent,  orthorhombic.  two  cleavages.  Cobaltame- 
nite  is  a  cobalt  selenite  in  minute' rose-red  crystals  occurring  in  the  midst  of  the  selenides 
of  lead  and  cobalt.     From  Cacheuta,  Argentine  Republic. 

MoNAZTFE,  D.  868.— From  Arendal,  a  normal  phosphate  (Rammelsberg)  of  cerium,  lan- 
thanum and  didymium,  containing  no  thorium  nor  zirconium.  Fenfield  has  proved  that 
the  thorium  sometimes  found  is  due  to  admixed  thorite.  Tumeritef  according  to  Pisani, 
has  the  same  composition. 

Occurs  in  very  brilliant  highly  modified  crystals  at  Milholland's  Mill,  Alexander  Co.,  N. 
1       ^    XL     1  __i....     .    ,.T    .,  ^      ,.      ,r,.,,    .      r     .         masses  with  microlite  at 

Conn. 


C. ;  also  at  other  localities  in  North  Carolina  (Hidden).    In  large  massee 
the  mica  mines  of  Amelia  Co.,  Va. ;  also  at  Portland  (near  Middletown) 


MoNETTTE,  C.  U.  Shepard  and  C.  U.  Shepard,  Jr.— In  irregular  aggregates  of  small  tai- 
clinic  crystals.  H.  =  8  5.  G.  =  2*75.  Lustre  vitreous.  Color  pale  yellowish  white.  Semi- 
transpareut.  Composition  HCaPO*,  requiring  PaOa  52-iO,  CaO  4.118.  H,0  6*62  =  100. 
Occurs  with  gypsum  and  monite  at  the  guano  islands,  Moneta  and  Mona,  in  the  West 
Indies. 

MoNiTE  occurs  as  a  slightly  coherent,  uncrystalline,  snow-white  mineral.  G.  =  2-1. 
Composition  perhaps  CasPaOo  +  HaO. 

MoBDENiTE. — Stedeite  of  How  is  an  altered  mordenite  from  Cape  Split,  N.  S.  Mor- 
denite  (How)  has  the  composition  SiO,  6840,  AUO.  12'77,  CaO  8*46,  Na,0  2*35,  H,0 
1302  =  100. 

Naoyagite,  p.  249.— Perhaps  orthorhombic  (Schrauf). 

Natbolite,  p.  842. — ^Monoclinic,  according  to  LUdecke. 

Neocyanite,  Scacohi. — In  minute  tabular  crystals  of  a  blue  color.  Supposed  to  be  an 
anhydrous  copper  silicate.     Mt.  Vesuvius. 

Nephrite,  p.  297.— The  general  subject  of  nephrite  and  jadeite  in  their  mineralogical 
and  archaeological  relations  has  been  exhaustively  discussed  by  Fischer  in  a  special  work 
on  that  subject. 

Newbebtite,  vom  Rath. — In  rather  large  tabular  orthorhombic  crystals.  Composition 
MgaHaPaOs  +  6  aq.     From  the  guano  of  the  Skipton  Caves,  Victoria. 
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KiTBOBABrrB.— Crystals  of  native  barium  nitrate  have  been  obtained  from  Chili;  in 
apparent  octahedrons  formed  of  the  two  tetrahedrons. 

NocEBiNE,  Scacchi.— In  white  acicular  crystals,  perhaps  rhombohedral ;  regarded  as  a 
double  fluoride  of  calcium  and  magnesium.    From  the  volcanic  bombs  of  Nocera. 

OcTAHEDRiTB  (Anatase),  p.  277. — ^Belongs  to  the  monodinic  system,  according  to  Mal- 
lard's view  (see  p.  186). 
Found  in  nearly  colorless  transparent  crystals  at  Brindletown,  Burke  Co.,  N.  C.  (Hidden). 

Onofbite.— A  massive  mineral  (G.  =  7  03),  from  Mamvale,  Utah,  has  the  composition 
Hg(S,Se),  with  S  :  Se  =  0  : 1.  It  thus  corresponds  nearly  with  Haidinger's  onofrite,  which 
hasS:Se  =  4:l. 

Obpiment  (p.  281)  and  realgar  (p.  381)  occur  in  Iron  Co.,  Utah  (Blake). 

Obthoclase,  p.  825. — Elockmann  (Z.  Kryst.,  vi,  498)  has  described  twins  of  orthoclase 
from  the  Scholzenberg,  near  Warmbrunn,  in  Silesia,  the  twinning  planes  in  different  cases 

were  w,  0,  2-»,  2-i,  /.  i^. 

Obthite,  p.  808.— Found  in  imperfect  bladed  crystals  at  the  mica  mines  in  Amelia  Co., 
Virginia,  with  monazite,  columbite,  etc 

OiTBELrrE,  p.  358. — A  variety  of  ottrelite  from  V^nasque,  in  the  Pyrenees,  has  been 
called  venasquite  (Damour). 

OzAMMTTE. — Ammonium  oxalate  (Shepard)  from  the  Guanape  Islands.  Also  called  gitanct" 
pUe  by  Raimondi. 

OzocEBiTE.— A  related  mineral  wax  has  been  found  in  large  quantities  in  Utah. 

Pachnolite,  p.  265.— See  thomaenolUe^  p.  488. 

Peckhakite,  J.  L.  Smith.— From  the  Estberville,  Emmet  Co.,  Iowa,  meteorite.  In 
rounded  nodules,  with  greasy  lustre,  and  light  greenish-yellow  color.  G.  =  8*23.  Compo' 
sition  equivalent  to  two  molecules  of  enstatite  and  one  of  chrysolite. 

Pectoute,  p.  827. — Wdlkente  (Heddle)  is  a  closely  related  mineral  from  the  Corstor- 
phine  Hill,  near  Edinburgh,  Scotland. 


f< 


Pelagite,  Church.— a  name  given  to  the  composite  manganese  nodules  obtained  by  the 
Challenger"  from  the  bottom  of  the  Pacific. 


Penwtthite,  Collins.— Described  as  a  hydrated  silicate  of  manganese  (MnSiOi  +  2  aq) 
from  Penwith,  Cornwall. 

Pebofskitb,  p.  270. — ^Recent  observations  refer  it  to  the  orthorhombic  s^rstem,  the  crvs-- 
tals  being  complex  twins.  Ben-Saude,  however,  regards  it  as  isometric  and  parallel 
hemihedral,  the  observed  double  refraction  being  due  to  secondary  causes,  see  p.  190. 

Pbtalite,  p.  295.— Hydrocastorite  is  an  alteration  product  of  castorite  from  Elba  (Gtat- 
tarola). 

Phabmaoosidbbitb,  p.  876.— Pseudo-isometric,  according  to  Bertrand,  see  p.  186. 

Pbenacttb,  p.  801.— Obtained  well  crystallized  from  Switzerland,  perhaps  from  Vai: 
Giuf.    Also  (Cross  and  Hillebrand)  from  near  Pike's  Peak,  El  Paso  Co.,  Colorado. 

Pbillipsitb,  p.  845.— Crystalline  system  monoclinic  (StrengX  with  a  higher  d^;reo  d 
pseudo-symmetry  due  to  twinning, 
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Phosphueantlitb,  Qenth. — As  a  pulverulent  incrustation,  of  deep  lemon-yellow  color. 
Composition  probably  (UOa)»PaOB  +  6  aq.  Occurs  with  other  uranium  minerals  at  the 
Flat  Rock  mine,  Mitchell  Co.,  N.  C. 

PiciTE,  Nies. — An  amorphous,  dark  brown  hydrous  iron  phosphate  from  the  Eleonore 
mine  and  the  Rothlaufchen  mine,  near  Giessen.     Of  doubtful  homogeneity. 

PiCKBEiNOiTE,  p.  d95.—Sonomaite  (Goldsmith),  from  the  Geysers,  California,  a.nd  pieroal' 
Itf/mogene  (Roster),  :b*om  Elba,  are  closely  related  minerals. 

PiLOLTTB,  HeddK — A  name  suggested  for  some  minerals  from  Scottish  localities  of  nearly 
related  composition,  which  have  gone  by  the  names  *^  mountain  leather  "  and  '*  mountain 
cork." 

Plagiocitbite,  Sandbereer,  Singer. — A  hydrous  sulphate  of  alumina,  iron,  potassium, 
sodium,  etc.,  occurring  in  lemon-yellow  microscopic  crystals,  and  formed  from  fhe  decom- 
position of  pyrite  at  the  Bauersberg,  near  Bischofsheim  vor  der  RhOn. 

Platinum,  p.  22^ — ^A  nugget  weighing  104  grams,  and  consisting  of  46  p.c.  platinum 
and  54  p.c.  chromite,  was  found  near  Plattsburgh,  N.  Y.  (Collier). 

Plumbomanoanite,  Hannay. — Described  as  a  sulphide  of  manganese  and  lead,  but  doubt- 
less a  mixture.    Source  unknown. 

Plumbostannitb,  Raimondi. — An  impure  massive  mineral,  described  as  a  sulph-antirao- 
nite  of  tin,  lead  and  iron,  but  of  doubtful  homogeneity.     From  the  district  of  Moho,  Peru. 

PoLYDYMiTB,  Laspcyrcs. —Iso metric,  octahedral.  H.  =  4*5.  G.  =  4808-4-816.  Com- 
position Ni4S6.  From  GrQnau,  Westphalia.  Laspeyres  regards  the  saynite  of  von  KobeU, 
grUnauite  of  Nicol,  as  an  impure  polydymite. 

PoLTHALiTE,  p.  898.— jS>M^7e  (Precht)  is  a  related  mineral  from  New  Stassfurt.  Com- 
position, if  homogeneous,  K^SO^  +  MgSOi  +  4CaS04  +  2  aq. 

Pbicbtte,  p.  882. — Pandermite  (vom  Rath)  is  a  borate  from  Pandemia  on  the  Black  Sea, 
near  priceite,  if  not  identical  with  it. 

Psbudobbookitb,  Koch. — In  thin  tabular  striated  crystals,  orthorhombic.  H.  =  6. 
G.  =  498.  Lustre  adamantine,  on  crystalline  faces.  Color  dark  brown  to  black.  Con- 
tains principally  the  oxides  of  iron  and  titanium.  From  the  andesite  of  the  Aranyer  Berg, 
Transylvania,  and  Riveau  Grand,  Monte  Dore,  also  with  the  asparagus  stone  of  Jumilla, 
Spain  (Lewis).    Near  brookite. 

PsEDDONATEOLiTE,  Grattarola. — In  minute  acicular  crystals.  Colorless.  A  hydrous 
silicate  (62*6  p.c.  SiOa)  of  aluminum  and  calcium.    From  San  Piero,  Elba. 

PsiLOMELANE,  p.  282. — ColvonigHte  (Laspeyres)  from  Eftltebom  is  a  variety. 

Pteite,  p.  243. — Occurs  in  highly  modified  crystals  in  Gilpin  Co.,  Colorado. 

Ptbolusite,  p.  278. — According  to  Groth,  the  prismatic  angle  is  99"  80'. 

Pyeophosphobite.  C.  U.  Shepard.  Jr. — A  massive,  earthy,  snow-white  mineral  from  the 
West  Indies.     Described  as  a  pyrophosphate  of  calcium  and  magnesium. 

Pt&bhotite,  p.  241.— Perhaps  only  pseudo-hexagonal,  the  apparent  form  due  to  twin* 
ning. 

-  QuAETZ,  p.  284. — The  smoky  quartz  of  Branchyille,  Conn.,  contains  very  large  quanti- 
ties of  liquid  CO,  (Hawes),  also  N,HaS,SO,,H,N,F  (A.  W.  Wright). 
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EALSToiiiTE,  p.  265.— Composition  (Brandl)  8  Na9,Mg,Ga)Ft  +  8AI9F6+  6H,0. 

Bandits,  KOnig.  — A  canary  yellow  incrustation  on  granite  at  Franldord,  near  Phila- 
delphia,    Contains  caloium  and  uranium,  but  composition  doubtful. 

REDDiMorrE,  G.  J.  Brush  and  E.  S.  Dana. — Orthorhombic  ;  habit  octahedral ;  form  near 
that  of  scorodite.  H.  =8-3*5.  G.  =  3*l0.  Lustre  vitreous  to  sub-resinous.  Color  pale 
rose  pink  to  yellowish  white.  Composition  Mn.PaO,.  +  8  aq,  with  a  varying  amount  of  iron 
(5-8  p.c.FeO).    With  other  manganesian  phosphates  at  Branchville,  Conn. 

Rbinite,  K.  v.  Fritsch,  Ludecke. — A  tetraconal  iron  tungstate  (FeWO*)  near  scheelite  in 
form,  and  perhaps  a  pseudomorph.    From  Kimbosan,  Japan. 

Rbsin. — The  following  are  names  recently  given  to  various  hydrocarbon  compounds  : 
ajkite,  bemardinite,  celeStialite,  duxite,  gedanite,  hofmannite,  huminite,  ionite,  koflachite, 
muckite,  neudorfite,  phytooollite,  posepnyte. 

Rhabdophane,  Lettsom. — A  cerium  phosphate,  perhaps  the  same  as  phosphooerite. 

RHODocHBosrTE,  p.  40^ — A  Hungarian  variety,  containing  SO  p.c.  FeCOs,  has  been  called 
manganosiderite  (Ba^^er). 
Occurs  at  Branchville,  Conn.,  containing  16*76  p.c.  FeO  (Penfidd). 

Rhodiztte. — According  to  Damour,  rhodizite  of  Rose,  from  the  Ural,  is  an  alkaline  boro- 
aluminate.    Pseudo-isometric  accordbig  to  Bertrand. 

RooBBSiTE,  J.  L.  Smith. — A  thin  maroraillary  crust,  of  a  whitf>.  color,  on  samarskite.  A 
hydrous  columbate  of  yttrium,  etc.,  exact  composition  undetermined.     Mitchell  Co.,  N.  C. 

RosooEUTE,  p.  867. — A  silicate,  according  to  recent  analyses  by  Genth,  having  the  for- 
mula K(Mg,FeXAls,Vi)9Sij,0ai  +  4  aq  ;  also  (Hanks)  from  Big  l&d  Ravine,  near  ISuttei^s 
MiU,  Cal. 

RosELiTE,  p.  S72. — True  composition  RsAssOs  +  2  aq  (Winkler),  hence  analogous  to  fair- 
fleldite,  p.  426. 

RuBiSLiTE,  Heddle. — An  uncertain  chloritio  substance  from  the  granite  of  Rubislaw,  nea^ 
Aberdeen,  Scotland. 

RuTiLE,  p.  276. — Pseudo-tetragonal  according  to  the  view  of  Mallard  (see  p.  186). 
Occurs  in  splendent  crystals  in  Alexander  Co.,  N.  C  (Hidden). 

Samaeskite,  p.  861. — The  North  Carolina  mineral  has  been  shown  to  contain  erbium,  ter>. 
bium,  phlllipium,  decipium  (Delafontaine,  Marignac).  A  supposed  new  element,  mosan* 
drum,  was  also  announced  oy  Smith.  Vietir^ghoJUe  is  a  ferruginous  variety  from  Lako 
Baikal,  in  the  Ural. 

SARAWAiriTE,  Frenzel. — Occurs  in  minute  crystals  in  the  native  antimony  of  Borneo; 
perhaps  senarmontite. 

ScAPoUTE,  p.  817.— The  scapolites  have  been  shown  by  Adams  to  contain  chlorine  (up  to 
2*48  p.  0.)  when  quite  unalterea.  The  analyses  of  Nemmar,  Sip5c2,  and  Becke  prove  the 
same. 

OntaHolUe  (Shepard)  is  a  variety  occnrring  in  limestone  at  Galway,  Ontario,  Canada. 

ScBKBEBEEorrE,  Brezina.-— In  isometric  octahedrons  of  a  honey-yellow  color  from  Schnee- 
berg,  Tyrol.    Contains  lime  and  antimony,  but  exact  composition  unknown. 

ScHOBLOBilTE,  p.  887.— The  SO  Called  schorlomite  of  the  Kaiserstuhl  is,  according  to  Knop, 
either  a  titaniferous  melanite  or  pyroxene. 
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Semsettte,  Krenner.— Stated  to  be  related  to  plagionite ;  from  FelsObanya.  Kot  yet 
described. 

Senarmontite,  p.  284.— Pseudo-ieometric  according  to  Mallard  (p.  186).  Groese-Bohle, 
who  has  investigated  the  subject,  suggests  the  same  for  arsenolite. 

Sefiolite,  p.  S49. — Chester  has  analyzed  a  fibrous  variety  from  Utah. 

Serpentine,  p.  850. — Schrauf  (Z.  Kryst.,  vi..  821)  has  studied  the  magnesia  silicates  from 
the  serpentine  region  near  Budweis,  Southern  Bohemia.  He  introduces  the  following  new 
names  :  KelyphiUj  a  serpen tinoua  coating  of  altered  crystals  of  pyrope  ;  Unophite,  a  chloritic 
variety  of  serpentine  ;  Lernilite  (wrong  ortho^ijaphy  for  lenniiite)  in  composition  near  the 
vermiculite  of  Lenni  (Ckx)ke),  hence  name  ;  StlictophUe,  a  hetero^neous  substance  high  in 
silica  ;  HydrobioUte  (same  name  used  by  Lewis)  a  hydrated  biotite :  Berlauite,  a  chloritic 
sutetance  filling  cavities  between  the  ^anite  and  serpentine  ;  Schitchardtitk,  the  so-called 
chrysopraserde  from  GlSsendorf,  Silesia.  He  also  uses  the  general  name  parachlorite  for 
substances  conforming  to  mAlsSisOia  +  nRaSiO^  +  pe^,  and  protochlorite  for  those  corre- 
sponding to  wiAlsSi05  +  n(RaSi04)  -+-  paq. 

Totaigite  (Heddle)  is  an  uncertain  serpentinous  mineral,  derived  from  the  decomposition 
of  malacolite.    From  Totaig,  Rosshire,  Scotland. 

Sebpierite,  Des  Cloizeaux.— In  minute  tabular  crystals ;  orthorhombic.  Ck>1or  greenish* 
Stated  to  be  a  basic  sulphate  of  copper  (Damour).     From  Liurium,  Qreece. 

Sidebazot,  Silvestri.— Iron  nitride,  a  coating  on  lava  at  Etna. 

SiDERONATBiTE,  Raimoudi.  —Sidfironatrite,  from  Huantajaya,  Peru,  and  urusite  (Frenzel) 
from  the  island  Tschleken,  Caspian  Sea,  are  hydrous  sulphates  of  iron  and  sodium,  near 
each  other  and  related  to  the  doubtful  bartholomite. 

SiPTLiTE,  Mallet. — Tetragonal,  in  octahedrons.  Form  near  that  of  fergusonite.  Cleav- 
age octahedral ;  usually  massive,  crystalline.  H  =.  6.  G.  =  4*80.  Color  brownish  black  to 
brownish  orange.  Essentially  a  columbate  of  erbium,  cerium,  lanthanum,  didymlum, 
uranium,  etc.     With  allanite  on  the  Little  Friar  Mt.,  Amherst  Co.,  Va. 

Smaltite,  p.  245. — Occurs  near  Gothic,  Gunnison  County,  Colorado. 

SpHiBsocoBALTiTE,  Weisbach.— In  small  spherical  masses,  concentric,  radiated.  Color 
within  rose-red.  H.  =  4.  G.  =  4 •02-4- 13.  Composition  CoCO,.  With  roselite  at 
Schneeberg,  Saxony. 

Spodiosite,  Tiberg. — In  flattened  prismatic  crystals.  A  calcium  phosphate,  and  per- 
haps pseudomorphous.     From  the  Krangruf  ra,  Wermland,  Sweden. 

Sphalerite,  p.  287.— The  sphalerite  from  the  Pierrefitte  mine,  Valine  Argeles,  Pyrenees, 
contains  gallium  (L.  de  Boisoaudran),  and  various  American  (Cornwall)  and  Norwegian 
(Wleugel)  varieties  afford  indium. 

Spodumene,  p.  295. — The  true  composition  is  expressed  by  the  formula  LiaAUSitOia,  as 
proved  by  numerous  recent  analyses. 

Occurs  in  small  prismatic  crystals  of  a  deep  emerald  green  to  yellowish  green  color,  with 
beryl  (emeraldi,  rutile,  monaadte,  etc.,  in  Alexander  Co.,  N.  C.  This  variety,  which  has 
been  extensively  introduced  as  a  gem,  was  called  hiddenite  by  J.  L.  Smith,  after  W.  E. 
Hidden. 

The  alteration  products  of  the  spodumene  of  Chesterfield  and  Goshen,  Mass.,  hare  been 
described  by  A.  A.  Julien. 

Occurs  in  immense  crystals  at  Branchville,  Conn.  (Brush  and  Dana).  The  unaltered  min- 
eral is  of  an  amethystine  purple  color  and  perfectly  transparent,  but  the  crystals  are  mostly 
altered.  This  alteration  nas  yielded  (1)  a  substance  called  /!f-spodumene.  apparently  homo- 
geneous, but  in  fact  an  intimate  mixture  of  albite  and  eucryptite  (q.  v. ,  p.  42^1) ;  also  cvmatolite, 
a  mixture  of  albite  and  muscovite  ;  also  albite  alone;  muscovite  ;  microcline,  and  killinite. 
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STAUifcOLiTE,  p.  886. — Xamtholite  (Heddle)  from  near  Milltown,  Loch  Ness,  Scotland,  is  a 
closely  related  mineral. 

Steknbeboite,  p.  240. — ArgentopyriU,  Argyropyriie  and  Frieaeite  are  varieties,  or  at 
least  closely  related  minerals.  They  are  essentially  identical  in  form,  while  Streng  shows 
that  the  composition  of  the  series  may  be  expressed  by  the  general  formula  AgS  + 
^Fe«S,+,. 

Stibunite,  Odd&mUh. — A  doubtful  decomposition  product  of  stibnite,  near  stibiconite. 
Prom  Victoria. 

Stibiconite. — Extensive  deposits  of  an  antimony  oxide,  near  stibiconite,  occur  at  Sonora, 
Mexico.    The  ore  carries  silver  chloride. 

Stibnite,  p.  282.— Occurs  with  other  antimony  minerals  in  Sevier  Co.,  Arkansas.  In 
groups  of  large  splendent  crystals  on  an  island  in  western  Japan. 

Sttlbite,  p.  846. —  Moooclinic,  and  isomorphous  with  harmotome  and  phillipsite 
/v.  Lasaulx). 

Stbenoite,  Xies.  — Orthorhombic,  and  isomorphous  with  scorodite.  Generally  in  spherical 
and  botrvoidal  aggregates.  H.  =8-4.  G.  =  2'87.  Lustre  vitreous.  Color  various 
shades  of  red  to  colorless.  Composition  Fe^PsOg  +  4  aq.  From  the  Eleonore  mine  near 
Geissen,  the  Rothlaufchen  mine  near  Waldgirmes  ;  also  in  cavities  in  the  dufrenite  from 
Rockbridge  Co.,  Va.  (K5nig), 

Strontianite^  p.  406. — Occuis  at  Hamm,  Westphalia,  sometimes  in  highly  modified 
pseudo-hexagoual  crystals,  resembling  common  forms  of  aragonite  (Laspeyres). 

Stittzite,  Schrauf. — A  silver  telluride,  occurring  in  pseudo-hexagonal  crystals  of  a  lead 
gray  color.    Named  from  a  single  specimen  probably  from  Naf  yag. 

SzABOiTE,  Koch. — In  minute  triclinic  crystals,  near  rhodonite  in  form.  H.  =  6-7.  G. 
=  3*505.  Lustre  vitreous ;  sometimes  tending  to  metallic  and  pearly.  Color  hair  brown  ; 
in  very  thin  translucent  crystals  brownish  red.  A  silicate  of  calcium  and  iron  (RSiOa)  re- 
lated to  babinetonite.  Occurs  with  pseudobrooldtc  in  the  andesite  of  the  Aranyer  Berg, 
Transylvania;  Mt.  Calvario,  Etna  ;  Riveau  Grand,  Monte  Dore. 

SzMiKiTE,  V.  SchrOckineer. — Amorphous,  stalactitic.  Color  whitish  to  reddish.  Com- 
position MnS04  +  H3O.     Fels5banya,  Transylvania. 

TaIjKTBIPLite  (IgelstrOm). — A  phosphate  of  iron,  manganese,  magnesium  and  calcium  ; 
probablv  a  triplite  remarkable  as  containing  MgO  (17*^  p.c.)  and  CaO  (14'91).  From 
HorrsjOberg  in  Wermland,  Sweden. 

Tantalite,  p.  ^59.— Occurs  in  North  Carolina;  in  Coosa  Co.,  Ala. 

MangatUantalite  (NordenskiOld)isamanganesian  variety  (9  p  c.  MnO)  from  ITto,  Sweden. 

Tabapacaite,  Raimondi. — A  supposed  potassium  chromate,  occurring  in  bright  yellow 
fragments  in  the  midst  of  the  soda  nitre  from  Tarapaca,  Peru. 

Taznite,  Domcyko. — Regarded  as  an  arsenio-antimonate  of  bismuth,  but  probably  a 
heterogeneous  substance. 

Tellubite. — The  tellurium  oxide  (TeOi)  occurs  in  minute  prismatic,  yellow  to  white 
crystals,  imbedded  in  native  tellurium  ;  also  incrusting.  Keystone,  Smuggler  and  John 
Jay  mines  in  Colorado. 

Tellueium,  p.  227. — An  impure  variety  from  the  Mountain  Lion  mine,  Colorado,  has 
been  called  lionttb. 
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Tennantite,  p.  256. — FredrtcUe  (H.  Sjogren)  is  a  variety  from  Falu,  Sweden,  con- 
taining lead  (o  p.c.)i  tin  (1'4  p.c.)  and  silver  (2*9  p.c). 

Texorite,  p«  267. — ^Made  triclinic,  on  optical  grounds,  by  Kalkowsky. 

Tequesquite. — A  corruption  of  tequixquitl,  a  name  used  in  Mexico  to  designate  a  mix- 
ture of  different  salts. 

Tetbahedrite,  p.  255. — Occurs  near  Central  City,  Gilpin  Co.,  Colorado,  in  cr]^tals 
coating  chalcopyrite  in  parallel  position.  Also  at  Newburyport,  Mass. ;  in  Arizona  (16*23 
p.c.  PbJ. 

Frigidite  (D'Achiardi)  is  a  variety  with  12 •?  p.c.  Fe,  etc.,  from  the  Valle  del  Frigida, 
Apuan  Alps. 

Thauhasite,  Nordenskidld. — ^Massive,  compact.  H.  =  8*5.  G.  =  1'877.  Color  white. 
Lustre  greasv,  dull.  Composition  deduced  C£&iO«  +  CaCO*  +  CaS04  + 14  aq,  but  it  is 
very  doubtful  whether  the  material  analyzed  was  homogeneous. 

Thenardite,  p.  890. — Occurs  in  large  deposits  on  the  Rio  Verde,  Arizona  (Silliman). 

Thohsenoutb,  p.  265. — ^According  to  Klein  and,  later,  Brandl  and  Groth,  thomsenolite 
and  pachnoiite  are  distinct  minerals.  Thomaenolite  is  monoclinic,  fi  =  89°  37^',  and  e 
(vert.)  :b:d=  1-0877  : 1  :  0  9959,  and  has  the  composition  (Na  4-  Ca)F,  +  Al^F^  +  H,0. 
Pachnoiite  is  monoclinic,^  =  89"  40',  c  (vert.)  ih:d  =  1*5320: 1  : 1 626,  and  has  the  compo- 
sition (Na  -f-  Ca)Fa  +  AlaFa.  Pachnoiite  is  a  cryolite  with  two  sodium  atoms  replaced  by- 
one  calcium  atom,  and  thomsenolite  is  the  same,  with  also  one  molecule  of  water. 

Thousonitb,  p.  842.— Occurs  in  amygdules  in  the  diabase  of  Grand  Marais,  Lake  Supe- 
rior ;  also  in  polished  pebbles  on  the  lake  shore.  The  pebbles  are  sometimes  opaque  white, 
like  porcelain  ;  sometimes  green  in  color  and  granular  (variety  called  lintonite)  ;  some- 
times  with  fibrous  radiated  structure,  of  various  colors,  and  of  great  beauty.  The  last  are 
valued  as  ornaments. 

Thinolite. — Calcium  carbonate,  forming  large  tufa-like  deposits  in  Nevada,  a  shore 
formation  of  the  former  Lake  Lahontan.  Regarded  by  King  as  pseudomorph  after  gay- 
lussite,  but  this  is  doubtful. 

Thorite,  p.  840. — A  variety  of  thorite  is  called  uranothorite  by  Collier  ;  it  contains 
9*96  UaO«.  Massive.  G.  =4*126.  Color  dark  red-brown.  From  the  Champlain  iron 
region,  N.  Y. 

TiTANiTE,  p.  835.— Occurs,  often  in  enormous  crystals  or  groups  of  crystals,  at  Benfiew, 
Canada,  with  zircon  (twins),  apatite  and  araphibole. 

Alahedite  (Blomstrand)  is  a  variety  from  Smaland,  Sweden,  containing  2*8  p.c.  TO. 

TUanomorphite  is  a  name  given  by  v.  Lasaulx  to  a  part  of  the  white  granular  aggregates 
surrounding  rutile  and  menaccanite.  and  derived  from  their  alteration,  it  is  a  calcium  tita- 
nate,  according  to  Bettendorff's  analysis,  but  Cathrein  (Z.  Kryst..  vi.,  244)  shows  that  it  is 
really  a  variety  of  titanite.  Leucoxene  is  a  name  earlier  (1374)  given  by  Gtlmbel  for  a 
similar  substance  of  doubtful  chemical  nature  often  observed  in  rocks  ;  according  to 
Cathrein  it  is  a  titanite  with  or  without  a  mixture  of  rutile  microlites. 

Topaz,  p.  832. — Pseudo-orthorhombic  (monoclinic),  according  to  the  view  of  Mallard 
(see  p.  186). 
Occurs  near  Pike's  Peak,  El  Paso  Co.,  Colorado,  and  at  Stoneham,  Maine. 

ToRBANiTE,  p.  41S,—WoUongong%te(p.  416)  is  referred  to  torbanite  hj  Liversidge  ;  it  is 
from  Hartley,  New  South  Wales,  not  WoUongong,  so  that  the  name  is  inappropriate. 

Tourmaline,  p.  829.— Pseudo-rhombohedral.   according  to  the  view  of  Mallard  (see 
t>.  186). 
Occurs  in  white,  nearly  colorless  crystals,  at  De  Kalb,  St.  Lawrence  Co.,  N.  Y. 
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Tbidtmitb,  p.  288. — Pseudo^hezagonal  (triclinic),  according  to  Schuster  and  also  y. 
Lasaulx.    Asmanite  is  probably  identical  with  it. 

Hautef euille  has  made  it  artificially ;  and  it  has  been  observed  with  zinc  spinel  as  a  result 
of  the  alteration  of  zinc  muffles. 

TMPHTLrrE,  p.  369.— The  composition  (Penfleld)  is  LiFePO*  =  Li.PO*  +  FcPaOs,  with 
the  iron  rei>laced  by  manganese  in  part. 

Lithiophilite  (Brush  and  Dana)  is  a  variety  almost  free  from  iron  (down  to  4  p.c),  and 
corresponding  to  the  formula  LlMnP04  =  LiaP04  -f-  MnsPjOb.  Massive,  cleavaole  (0,  /, 
»-X).  Color  salmon, — phoney  yellow,  yellowish  brown,  light  clove  brown.  Occurs  with  other 
manganesian  phosphates  m  pegmatite,  at  Branch ville,  Fairfield  Co.,  Conn. 

Teiploiditb  (G.  J.  Brush  and  E.  S.  Dana). — Monoclinic,  near  wa^erite  in  form.  (Gen- 
erally in  fibrous  crystalline  aggregates.  H.  =4-5-5.  G.  =3-697.  Lustre  vitreous  to 
greasy  adamantine.  Color  ycllowisn  to  reddish  brown,  topaz  yellow,  hvacinth  red.  Trans- 
parent. Composition  RiPaOg  4-  R(OH)j,  with  R  =  Mn  :  Fe  =  3 : 1 ;  hence  analogous  to 
triplite,  but  with  (OH)  replacing  F.  With  other  manganesian  phosphates  (eosphorite, 
litniophilite,  etc.)  from  Branch viUe,  Conn. 

Teippkeitb,  Damonr  and  vom  Rath. — In  small  brilliant  crystals,  tetragonal.  Color 
bluish  green.  Stated  to  be  a  hydrous  arsenite  of  copper.  With  olivenite  in  cuprite  from 
Copiapo,  Chili. 

Tysonite,  Allen  and  Comstock. — Hexagonal.  Cleavage  basal.  H.  =  4*5-5.  G.  =  6*18. 
Lustre  vitreous  to  resinous.  Color  pale  wax  yellow.  Composition  (Ce,La,Di)2F«.  From 
near  Pike's  Peak,  Colorado.  The  crystals  are  mostly  altered  to  oasindsits  (also  called 
hamartite),  which  is  a  fluo-carbonate,  near  parisite. 

Urandote,  p  274.— Occurs  in  brilliant  black  octahedral  crystals  at  Branch ville,  Conn. 
G  =  0  25.  Analysis :  UO,  4008,  UO,  54  51,  PbO  4  27,  FeO  049,  H«0  088  =  100-28. 
Also  from  Mitchell  Co.,  N.  C. ;  mostly  altered  to  gummite. 

Ubanoctrcite,  Weisbach.— Orthorhombic,  like  autimite.  Cleavage  basal  perfect.  G.  = 
8*53.  Color  yellow  green.  Composition  BaUaPaOia  +  8  aq.  In  quartz  veins,  Saxon 
Voightland. 

TJranothallite,  Schrauf  (Z.  Kryst.,  vi.,  410).— A  uranium  carbonate  from  Joachims- 
thai,  originally  mentioned  by  Vogl.  Occurs  in  confused  aggregates  of  orthorhombio  crys- 
tals.   Calculated  formula  uCaOe  +  2CaC0,  +  10  aq. 

TJranotile,  p.  341.— Occurs  in  Mitchell  Co.,  N.  C.  Genth  writes  the  formula, 
Ca,(UOa)«SioO,i  +  18  aq. 

Vanadinite,  p.  867.— Occurs  in  highly  modified  crystals  in  the  State  of  Cordoba.  Argen- 
tine Republic.  Also  in  very  beautiful  ruby-red  crystals  at  the  Hamburg  and  other  mmes 
in  Tuma  Co.,  Arizona  (Silli'man;  Blake),  and  in  yellow  to  nearly  white  crystals  at  other 
localities  in  Arizona. 

Variscitb.— The  so-called  poganite  from  Montyomerv  Co.,  Ark.,  is  shown  by  Chester  to 
be  identical  with  Breithaupt's  variscite.    Composition  AlsPsOd  +  4  aq. 

Venbritb,  Hunt. — An  impure  chloritic  mineral  containing  copper  ;  mined  as  copper  ore 
at  Jones'  mine,  near  Springfield,  Berks  Co.,  Penn. 

Vermictjlite,  p.  355. — Ptotovermieulite  (KOnig)  and  philadelphite  (Lewis)  are  minerals 
related  to  the  other  '*  vermioulites,"  the  whole  group  being  decomposition  products  of  other 
micas. 

Vbsbike,  Scacchi.— Forms  tlan  yellow  crusts  on  lava  of  1681,  Vesuvius  ;  supposed  to 
contain  a  new  element,  vesbium. 
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Vbsuviakite,  p.  406.— Pseudo-tetragonal,  according  to  the  Tiew  of  Mallard  (see  p.  186> 
A  variety  from  Jordan&mUhl  contains  3  p.c.  MnO  (manganidocrase). 

Veszbltitb,  p.  873. — Ck>mpo8ition,  according  to  Schrauf,  2(Zn,Ou)aAs2O0+9(Zn,Ca)HtOs 
4-  9  aq,  with  Cu  :  Zn  =  8 :  2,  and  As  :  P  =  1  :  1. 

Wad,  p.  283. — I^pidophmte  (Weisbach)  is  a  related  mineral  from  Kamsdorf,  Thuringia. 
Composition  stated  to  be  CoMnaOia  +  9  aq. 

WAQNEErrE,  p.   868. — Kjerulfine  has  been  shown  to  be  identical  with  wagnerite  in 
form  and  composition  ;  often  partially  altered. 


Walpubgite,  p.  879. — Triclinic  (pseudo-monoclinic),  according  to  Weisbach. 

Wattevillite,  Singer. — In  minute  acicular  snow-white  crystals.     A  hydrous  sulphate 
'  calcium,  sodium,   potassium,  etc     Forme  ^ 
Bauersberg,  near  Biscnofsheim  yor  der  Rh5n. 


y    — ^  -  - —     — ■  — ■ — ^ ■ —         —    — «f K^^^ 

of  calcium,  sodium,   potassium,  etc     Formed  from  the  decompoeition  of  pyrite  at  the 

~    jhof"    "  "     ~- 


WuLFENiTE,  p.  384. — Occurs  in  fine  crystals  in  the  Eureka  district,  Nevada ;  alao  in 
Tuma  Co.,  Arizona,  sometimes  in  simple  octahedral  crystals  (Silliman). 

Xakthophyllite,  p.  858. — ^Waluewite  (v.  Eokscharof)  is  a  well  crystallized  variety  from 
Achmatovsk,  Ural. 

Xbnotdce,  p.  364. — Oocurs  compounded  with  zircon  in  Burke  Co.,  N.  C.  (Hidden). 

YouNGiTE,  Hannay. — Described  as  a  sulphide  of  lead,  zinc,  iron  and  manganese,  but 
doubtless  a  mixture. 

ZiNCALUMiNiTE,  Bcrtrand  and  Damour.— In  thin  hexagonal  plates,  minute.  H.  =2*5-3. 
G.  =:  226.  (Composition  2ZnB04  +  4ZnHaOs  +  3AlaH«06  +  5  aq.  From  the  zinc  mines  of 
Laurium,  Greece. 

ZiscoN,  p.  304. — Occurs  in  fine  twin  crystals  (1-4,  like  rutile  and  cassiterite)  with  titanite 
and  apatite,  in  Renfrew  Co  ,  Canada  (Hidden).  Also  with  astrophyllite  and  arfvedsonite  in 
El  Paso  Co.,  Colorado. 

Pseudo-tetragonal,  according  to  the  view  of  Mallard  (see  p.  186), 

BeccaHte  (Grattarola)  is  a  variety  from  Ceylon. 
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BTNOPSIS  OF  MILLER'S  SYSTEM  OF  CBYSTALLOGRAPHr. 


Thb  followinif  pages  contain  a  oonouie  presentation  of  the  System  of  Ciystallographj  pro* 
posed  by  Prof.  W.  H.  Miller  in  1889,  and  now  employed  by  a  large  proportion  of  the  workers 
hi  Mineralogy.  The  attempt  has  been  made  to  present  the  sabject  briefly,  and  yet  with  soffi- 
oient  fulness  to  enable  any  one  having  some  previous  knowledge  of  Crystallography  not  only 
to  understand  the  System,  but  also  to  use  it  himself.  For  the  full  development  of  the  subject, 
especially  of  its  theorotical  side,  reference  must  be  made  to  the  works  of  Miller,  Grailich, 
Ton  Lang,  Schrauf  and  Bauerman  (see  the  Introduction),  as  also  to  the  admirable  Lectures 
Of  Prof.  Maskelyne,  printed  in  the  Chemical  News  for  1873  (vol.  xxxL,  8,  18,  24,63,  lUl, 
111,  121,  153,  200,  282). 


Genbbal  Princifles. 

Ths  indioeB  of  MiO&r  and  th^r  relation  to  those  of  ^awmfl7«».— The  position  of  a  plane  ABC 
(f.  751)  is  determined  when  the  distances  OA,  OB,  00  are  known,  which  it  outs  ofE  in  the 

751 


MMimed  axes  X,  Y,  Z  from  their  point  of  intersection  0.  The  lengths  of  these  axes  for  a 
single  plane  of  a  crystal  being  taken  as  units,  thus  OA  =  a,  OB  =  5,  00  —  ^,  it  is  found  that  th« 
lengths  of  the  corresponding  lines  OH,  0K«  OL  for  any  other  plane,  HKL,  of  the  same  ocj» 
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tal  always  bear  some  simple  relation,  expressed  in  whole  nnmbers,  to  these  assumed  imita 
This  relation  may  be  expressed  as  follows : 


OH 
or  in  the  more  common  form 


=  /4 


h 


a 
OH 


OK 
k 


-t 


OK 


OL 


=  ^ 


-  =  -0L=^ 


(1) 


The  numbers  represented  by  h^  k,  I  are  called  the  indices  of  the  plane  and  determine  its 
position,  when  the  dements  of  the  crystal — the  lengths  and  mutual  inclinations  of  the  axes — 
are  known.  When  the  lines  are  taken  in  the  opposite  direction  from  O,  they  are  called  nega- 
tive ;  the  corresponding  negative  character  of  the  indices  is  indicated  by  the  minus  sign 
placed  over  the  index,  thus,  h^  Jc,  or  ?.  When  the  unit,  or  fundamental  form,  is  appropriately 
ohoeen,  the  numbers  representing  A,  ky  I  seldom  exceed  six. 

The  above  relation  may  also  be  written  in  the  form : 


OH 

a 


=  r 


OK 


=  n 


OL 


=  991. 


Here  r,  ?t,  m,  which  are  obviously  the  reevproedU  of  the  indices  A,  A;,  I  respectively^  are 
essentially  Identical  with  the  symbols  of  Naumann.  For  example,  if  A  =  3,  A;  =  2,  /  =  2, 
then  r  =  ^,  n=ri,  m  =  ^,  and  the  symbol  (322)  of  Miller  becomes  led  i  ^  i  \c\  but  by  Nau- 
mann*s  usage  this  is  so  transformed  that  r  =  1,  and  n  >  1  (or  sometimes  ti.  =  1,  and  r  >  1), 
in  other  words,  by  multiplying  through  by  3,  in  this  case,  the  symbol  takes  the  form  a  :  f  ft  : 
Jc,*  or,  as  abbreviated,  '^•i  (fPf).  The  symbol  a  :  ?d  :  fc  properly  belongs  to  the  plane  HOB 
(f.  751),  which  is  parallel  to,  and  hence  crystallographically  identical  (p.  11)  with  the  plane 
HKL. 

Special  values  of  the  indices  A,  A;,  Z.  It  is  obvious  that  several  distinct  cases  are  possible  : 
(1)  The  three  indices  A,  k^  I  are  all  greater  than  unity,  then  including  the  various  pyramidal 

planes.     The  number  of  similar  planes  corresponding  to  the  general  form  \  hkl  >  depends 

upon  the  degree  of  symmetry  of  the  crystalline  system,  and  upon  the  special  values  of  A,  ik,  4 
e.g.,  A  =  A;,  eta     These  cases  are  considered  later  in  their  proper  place. 

(2)  One  of  the  three  indices  may  be  equal  to  zero,  indicating  then  that  the  plane  is  parallel 
to  the  axis  corresponding  to  this  index.  Thus  the  symbol  (AAK)),  =  a  :  nb  :  coe^  orna  i  b  :  x>e 
(p.  11),  belongs  to  the  planes  parallel  to  the  vertical  axis  i;  as  shown  in  f.  752.  They  are 
called  prismatic  planes.  The  symbol  (AOZ),  =  a  :  cob  :  me  (p.  11)  belongs  to  the  planes  paiw 
allel  to  the  axis  ^,  sjb  in  f.  753.  The  symbol  (OA^Z),  =  oo  a  :  b:  mCy  belongs  to  the  planes  parallel 
to  the  axis  a,  f .  754. 


752 


753 


764 


755 


(8)  Two  of  the  indices  may  be  zero,  the  symbol  {7ikD  then  becomes  (001),  =  ooa  .  x>b  :  s. 
the  basal  plane,  f.  755  ;  (010),  =  ooa  :  ft  :  a>e;  and  (100),  =r  a  :  ooft :  xe.  These  are  the 
three  diametral  or  pinacoid  planes. 

The  symbol  (010)  represents  the  eliTiapinacoid  (i-i)of  the  Monoclinic  system,  and  (following 
Groth)  the  hrachypinacoid  (i-t)  of  the  Orthorhombic.     Similarly  (AOQ  oelongs  to  the  orlho- 


*  The  symbol  is  written  here  in  this  order  to  correspond  with  the  [jkkl)  iA  WXicr ;  on 
page  10,  and  subsequently,  the  reverse  order  {«  :  jft  :  a  was  adopted  for  the  sake  (^  uni- 
fomitj  with  Nanmann's  abbreviated  symbols. 
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domes  of  the  Monoclinic,  and  the  maerodomea  of  the  Orthorhombic  sTstem ;  also  (Olrl) 
belongs  to  the  clinodomes  of  the  former,  and  the  brachydomes  of  the  latter.    See  also  p.  457. 

Spherical  Prcffeotion.^li  the  centre  of  a  oxystal,  that  is,  the  point  of  intersection  of  the, 
three  axes,  be  taken  as  the  oentre  of  a 
Kphere,  and  normals  be  drawn  from  it  to 
the  snoc^ssive  planes  of  the  crystals,  the 
points,  where  they  meet  the  surface  of  the 
sphere,  will  be  the  poloB  of  the  respective 
planes.  For  example,  in  f.  756  the  com- 
mon centre  of  the  crystal  and  sphere  is  at  0, 
the  normal  to  the  plane  b  meets  the  surface 
of  the  sphere  at  B,  of  b'  at  B',  of  d  and  e 
at  D  and  £  respectively,  and  so  on.  These 
poles  evidently  determine  the  position  of 
the  plane  in  each  case. 

It  is  obvjous  that  the  pole  of  the  plane  b' 
(OlO)  oppoflite  b  (010),  will  be  at  the  oppo- 
site extremity  of  the  diameter  of  the  sphere, 
and  so  in  general,  (120)  and  (120;,  etc.  It  is 
seen  also  that  all  the  poles,  or  normal  points, 
of  planes  in  the  same  zane^  that  is,  planes 
whose  intersection-lines  are  parallel,  are  in 
the  same  great  circle,  for  instance  the 
planes  ^  (010),  d  (110),  a  (100),  c  (110),  and 
soon. 

It  is  customary*  in  the  use  of  the  sphere 
TO  regard  it  as  projected  upon  a  horizontal 
plane,  nsually  diat  normal  to  the  prismatic 
sone,  so  that,  as  in  f .  759,  the  prismatic  planes  lie  in  the  circumference  of  the  cirde,  and  the 
other  planes  within  it.  The  eye  being  supposed  to  be  situated  at  the  opposite  extremity  of 
the  diameter  of  the  sphere  normal  to  this  plane,  the  great  circles  then  appear  either  as  arcs 
of  circles,  oc  as  straight  lines,  i.^.,  diameters. 

It  will  be  further  obvious  from  f.  756  that  the  arc  BD,  between  the  poles  of  b  and  (2,  mea 
sores  an  angle  at  the  centre  (BOD),  which  is  the  supplement  of  the  actual  interior  angle  bad 
between  tJie  two  planes.  This  facrt,  that  the  arc  of  a  great  circle  intercepted  between  ths 
poles  of  two  planes  always  gives  the  supplement  of  the  actual  angle  between  the  planes  them- 
selves, is  most  imi>ortant,  and  does  much  to  facilitate  the  ease  of  naloulation.  In  consequence 
of  this,  it  is  customary  with  many  crystaUograpbers  to  give  for  the  angle  between  two  planes, 
not  the  interfacial  angle,  but  that  between  their  normids. 

It  is  one  of  the  great  advantages  of  this  method  of  projection  that  it  may  be  employed  to 
show  not  only  the  relative  positions  of  the  planes,  but  also  those  of  the  optic  axes,  and  the 
axes  of  elasticity. 

Bdation  between  Vie  indices  of  a  plane  and  the  angle  made  by  it  toit/i  t/te  axes  — When  the 
assumed  axes  are  at  right  angles  to  each  other  they  coincide 
with  the  normals  to  the  piuaooid  planes  (001,  010,  100).  and  7-')7 

consequently  meet  the  spherical  surface  at  their  poles.  When 
the  axial  angles  are  not  90%  this  is  no  longer  true.  In  all 
cases,  however,  the  following  relation  holds  good  between 
the  cosines  of  the  angles  made  by  a  plane  with  the  axes : 


op_ 
OH 


=  cosPX 


op^ 
OK 


=  008PY 


OL 


=  cos  PZ. 


But  from  the  equation  (1)  before  given,  by  the  introduction 
of  the  values  of  OH,  OK,  OL,  we  obtain : 


a  ___  b  ___  c  ^^ 
-r-cosPX  =  -r-cosPY  =  -rco8PZ. 
h  k  I 


(2) 


This  equation  is  fundamental,  and  many  of  the  relations  given  beyond  are  deduced  from  it. 
It  will  be  seen  that  in  the  case  of  the  orthometric  systems  the  angles  PX.  PY,  PZ  are  ths 
pplement-angles  between  any  plane  (Jdd)  and  the  pinacoids  (001),  (010),  (100). 
jidatwne  between  planet  in  the  eaine  »me. — ^By  the  use  of  the  equation  ^),  it  may  be  ahomi 


*  On  the  oonttniotian  of  the  sphetioal  pn^eotion,  see  p.  58. 
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that  if  two  planes  {hJd)  and  {pqr)  lie  in  the  same  zone,  that  the  following  equation  miui  hold 
good: 

na  006  XQ  +  v&  008  TQ  +  we  oos  ZQ  =  0. 


where 


a  =  At  —  2;,       v  =  ft>  —  Ar,        w  =  Aj  —  Ay. 


The  letten  n,  t,  w  are  called  the  Bjmbol  of  the  zone  or  grejat  curde  PE.     Bvecy  plane 
H'spfyt)  of  thif  zone  must  satisfy  the  equation  : 


nz  -\'yy  -^  ws  =  0 


(8) 


If  now  (nvw)  be  the  symbol  of  one  zone,  and  (efg)  of  another  iutersecting  it,  then  the  point 
of  intersection  will  be  the  pole  of  a  plane  lying  in  lK)tb  zones,  whose  indices  {Jikl)  must  satisfy 
two  equations  similar  to  (3).     These  indices  are  equal  to : 


A  =  gv  —  f  w 


A;  =  ew  —  ga 


i  =  f  u  —  ev. 


The  application  of  this  principle  is  extremely  simple,  and  its  importance  oaqpiot  be  oyer- 
e^timated.     Some  examples  are  added  here,  showing  the  method  of  use. 

Krtnnples  of  the  methodn  of  ocUoulaUoa  by  zones. — (I)  For  tiie  zone  of  planes  between  (100) 
and  (001),  the  zone  indices  aie  u  =  0,  v  =  —  1,  w  =  0.  They  are  obtained  by  multiplicatioo 
in  the  manner  indicated  in  the  following  scheme : 


In  general 


h       k      I       h      k 

XXX 

p      q      r      p      q 


In  this  case 


0 


0        0       10 

XXX 


0 


ii  =  At  —  {g;T  =  ^— Ar;  w  =  A^  — Ay. 


u  =  0;  v  =  i;  w  =0. 


Consequently  every  plane  {JiU^  in  the  zone  named  must  answer  the  condition :  uA  +  ▼< 
-(•  wZ  =  0,  that  is,  in  titiis  case  A;  =  0.    The  general  symbol  is  consequently  (AOI).     Compars 

1759. 

0        0        10        0 

(3)  For  the  zone  (001),  (010),  in  a  similar  manner:  \^  N/  N/ 

0        10       0        1 

a  =  I,  y  =  0,  w  =  0,  and  the  equation  of  condition  becomes  A  =  0,  and  the  general  sym- 
bol is  (0^.    Compare  1  759. 
(8)  For  the  pzismatio  zone  between  (100)  and  (010),  the  general  symbol  will  be  foond  to  be 

(AAK)).     Compare  f.  759. 
(4)  For  the  pyramidal  zone  between  the  basal  plane  (001)  and 

0        0        10        0 

the  unit  prism  (110),  we  have  the  scheme :  ^^   N^   ^< 

110        11 

Henoe  u=I,  v  =  l,w  =  0,  and  the  equation  of  condition  be- 
oomes  A  =  A;,  and  henoe  the  general  symbol  is  hJil  for  the  unit  pyra- 
mids. 

For  a  plane  lying  at  onoe  in  two  zones,  for  instance  the  plane 
lettered  2-2  in  1  758,  lying  in  the  zone  i,  2-2,  l-{,  and  in  the  zone 
♦-I,  8-8,  2-2,  1,  1-i.     The  indices,  uvw,  for  the  first  zone  1-J  (OllV, 

/  (110),  are,  obtained  as  above,  u  =  I,  v  =  1,  w  =  1.  Again,  for 
the  zone  between  <A  (OlU),  l-l  (Ul),  the  zone  indices,  efg,  are, 

e  =  i,  f  =  0,  g  =  1.  The  indices  (AA^,  for  the  plane  (2-*2>  lying  in 
both  these  zones,  and  hence  answering  to  two  equations  of  con- 
dition,  are  obtained  by  multiplication  in  a  scheme  exactly  like  that 
already  given,  viz. : 


i? 


cr 


In  general       n       t       w 


u 


In  this  case 


e 


XXX 

f        g        e       f 


1      i      i      1 

XXX 


0 


r 


A  =  gv  —  fw;  A;  =  ew  —  gu  ;  Z  =  fu  —  ev. 
The  plane  has  consequently  the  symbol  (121). 


A  =  l;  Aj  =  2;  /  =  1, 


millek's  system  of  ceystallogbaphy. 
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759 


For  the  zone  of  planes,  lettered  on  the  figure  (t  758)  H  8-S,  2-5,  etc.,  the  indices,  as 
already  shown,  are  e  =  1,  f  =  0,  g=\> 
and  consequently  the  equation  of  condi- 
tion reduces  to  A  =  /,  and  the  general 
symbol  is  hkh.  This  zone  is  shown  on 
the  spherical  projection,  f.  759,  and  in- 
cludes the  planes  010  (i-t),  131  (8-8),  121 
(2-2),  111  (1),  101  (1-i),  and  so  on. 

A  second  examp  e  of  the  above  method 
is  afforded  by  the  plane  lettered  2-3  in 
f .  758.  It  lies  in  the  zone  i-l  (100)  to  14 
(Oil),  whose  indices,  uvw,  obtained  as  be- 
fore, are,  u  =  0,  v  =  1,  w  =  1.  It  is  also 
in  the  zone  between  7(110)  and  l-{  (101), 

whose  indices,  efff,  are,  e  =  l,f  =  i,  ff  =  i. 
Its  own  symbol  (AA;Z)  is  deduced  as  above : 

0       i       1       0       i 

A  =  2;  A:  =  l;  i  =  1. 

The  symbol  i«  consequently  (211).  The 
position  of  this  plane  is  shown  on  the 

spherical  projection,  f.  750,  as  also  that  of  the  zone  first  mentioned  above,  whese  indices 
were  u  =  0,  v  =  1,  w  =  1,  and  for  which  the  equation  (3)  consequently  reduces  to  A;  =  /  ; 
the  general  symbol  is  then  {hkk),  the  planes  100  (i-«),  211  (2-2),  111  (1),  Oil  (1-1),  etc..  belong 
in  this  zone. 

The  example  employed  here  serves  to  show  the  extensive  application  of  this  principle  of 
zones.  Supposing  that  in  this  crystal,  f.  758,  /(llO),  and  14  (Oil)  have  been  assumed  aa 
fundamental  planes  in  their  respective  zones,  the  symbols  of  all  the  others  may  be  obtained 
in  this  way.  without  the  necessity  of  a  single  measurement ;  the  reflecting  goniometer  would 
indicate  the  presence  of  the  few  necessary  zones  not  shown  by  the  parallel  intersections. 

MeVu)d»  of  Calculation. —-In  consequence  of  the  wide  application  of  this  method  of  deter- 
mining the  symbols  of  a  plane  by  the  zones  in  which  it  lies,  actual  trigonometrical  oalcula 
tions  are  not  very  frequently  required.  The  methods  employed  are  always  those  of  Mph&rieal 
trigonometry,  and  in  most  cases  no  formulas  are  needed,  the  problems  arising  requiring 
nothing  but  the  solution  of  the  triangles,  mostly  right-angled,  seen  on  the  spherical  projection. 
It  is  to  be  remembered  that  an  arc  of  a  great  circle,  between  two  poles,  shown  in  the  projec- 
tion, is  always  the  supplement  of  the  actual  interfacial  angle  between  the  planes  themselves. 

Some  of  the  more  commonly  used  formulas  for  the  solution  of  spherical  triangles,  whicli 
have  been  already  given  on  p  62,  are,  for  the  sake  of  convenience,  repeated  here. 
In  right-angled  spherical  triangles  0  =r  OO"*,  A  ==  the  hypothenuse. 


SinA  = 


008A  = 


TaaA  = 


ginA  = 


sm  a 
sin  A 

tan  b 
tanA 

tana 
sin  b 

oosB 

cos  b 


sin  b 

sin  B  =  -. — r 

sin  A 


cos  B  = 


tanB  =• 


sin  B  =:r 


tana 
tan  h 

tanft 
sin  a 

000  A 
ooi  a 


COS  h  =  COS  a  cos  b 
cos  h  =  cot  A  cot  B 


tk  obtiqiie-tiigled  spherical  triangles 


(1)  Sin  A  :  sin  B  =s  sin  a  :  sin  5 ; 

(2)  Cos  n  =  coBb  ooBO  +  stn&sinooosA; 

(3)  Got  b  tbie^  cos  c  cos  A  +  sin  A  cot  B ; 

(4)  Cos  A=— oosBoosG-i-sinBsinO  oos  0. 
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In  oalonlation  ifc  Is  often  more  oonrenient  to  use,  instead  of  the  latter  formulas,  tiu 
especially  arranged  for  logarithms,  which  will  be  found  in  any  of  the  many  books  deTOied 
to  mathematical  formulas. 

In  addition  to  the  mere  solution  of  triangles  on  the  spherical  projection,  it  is  also  neoeesarj 
to  connect  by  equations  the  actually  measured  angles  with  the  lengths  and  inclinations  of 
axes  of  the  crystals  themselves.  These  equationis  are  given  in  connection  with  the  diifereni 
svRtems. 

The  following  relation  between  the  plattes  in  the  same  zone  is  also  of  very  wide  appli- 
cation ;  ' 
Let  P,  Q,  S,  B  be  the  poles  of  four  planes  in  a  sone  (f.  TOO),  havings  the  following  indioos, 
vis. :  P  =  {hid),  Q  =  {pgr),  E  =  {uvio),  S  =  (a?ye).    The  flowing  relation  may 
760  be  deduced  between  them,  on  the  supposition  that  PQ<  PB. 

"^  cotPS-cotPB_  (P.Q)       (S.B) 


ootPQ-cotPB       iQ.E)       (P.S) 

Here  (^Q)  -,  ^r-Ig __  Ip-kr  _ hq-kp 

'  (Q-B)       qto  —  rv      ru—pw     pv  —  qu* 

(S.B)  _  fgy  —  CT  _  tu^sew  _  aw  —  yt« 
(P.S)  ~te-/y""te-^"~  Jiff  -  ^' 


(4) 


(5) 


By  means  of  the  above  equation  it  is  possible  to  deduce  the  indices  or  Wgie  of  a  fouxtii 
plane,  when  those  of  the  thrco  others  are  given.  In  the  application  of  this  principle  it  is 
essential  that  the  planes  should  be  taken  in  the  proper  order,  as  shown  above ;  to  accomplish 
this  it  is  often  necessary  to  use  the  indioes  and  corresponding  angles,  not  ox  {hki),  but  itf 
opposite  plane  {Ml},  etc. 

In  the  orthoraetric  systems  this  relation  admits  of  being  much  simplified. 

If  one  of  the  above  four  planes  coincides  with  a  pinacoid  plane  (100),  (010),  or  (001),  and 
another  with  a  plane  in  a  zone  with  a  second  pinacoid  OO"*  from  the  first,  then  the  foUowuQg 
relations  hold  good  for  two  planes  P(AA^),  and  Q{pgr)  in  this  zone : 


h 

1 

p 

tan  PA 

4 

tan  QA 

-  * 

h 

p 

_^  k 

tanPB 
tanQB" 

I 

h 

k 

_l 

tanPG 

p       q      r  '  tan  QO* 

As  a  farther  simplification  of  the  above  equation  for  the  case  of  a  prismatic  plane  {hUHf^^  ot 
a  dome  {hOi)  or  (OA:^),  between  two  pinacoid  planes  90**  from  another,  we  have  : 

A  _  tan  (100)  (110)  A  _  tan  (001)  (AOQ  ^  A;  _  tan  (001)  {(jH) 

"ifc  ^  tan  (100)  (hkii)^  1      tun  (001)  (101) »  «  ^  tan  (001)  (Oil)* 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  prismatic 
plane  or  dome.  It  will  be  seen  at  once  that  all  the  above  relations  for  rectangular  sonee  arc 
essentially  identical  with  those  given  on  p.  50,  though  here  expressed  in  a  clearer  and  more 
ooncise  form. 

BYBTICMB  09  CntBTAtttKATloK. 

All  crystals  are  divided  into  six  classes,  aceording  to  the  degree  of  symmetry  which  cbarais- 
terizes  them.  This  symmetry,  as  well  as  the  relations  of  the  different  planes  of  a  orystal.  Is 
shown  in  tile  letagtiis  and  position  of  the  axes  whioh  are  taken  for  each.  With  refetenoe  Ac 
their  aldal  relations  crystals  are  divided  into  the  following  six  systems : 

I.  TBomeirid  /^x^fm.-^Three  equal  axes  (a,  a,  a)  at  right  angles  to  one  another. 

II.  TftragmuU  Sf/fUm— Two  equal  lateral  axes  (a,  a),  and  a  third  vertical  axis  (c)  of  m 
•qiud  length;  all  at  right  anglest 


imxKB'B  BTsnac  of  cbybtaixoobafht. 
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nL  Bnag&iuA  5y«f0ff».— Thzee  equal  lateral  axes  (a,  a,  a)  ooroaBizig  at  Angles  of  60%  and  a 
foarth  vertieal  axis  {c)  of  nnequid  length,  perpendicnlar  to  tiie  plane  of  the  others. 

IV.  OiViarhambui  ai/stem, — Three  anequal  axes  (c,  b,  d)  at  right  angles  to  each  other. 

V.  MfnoeUnie  SyiiUm — Three  unequal  axes  (^  b^  dl ;  the  angle  l^tween  e  and  6,  and 
between  b  and  d  =  OO"^,  but  the  angle  between  c  and  d  greater  and  less  than  90**. 

VL  Triolinic  Sjfatem, — Three  unequal  axes  (c,  ^,  d)  ;  the  axial  angles  all  obUqn* 

I.  IsoMXTRic  System. 

The  symbol  [hid]  embraces  all  the  forms  possible  under  each  oystem  in  the  most  general 
case.  Since  in  the  Isometric  System  all  the  axes  are  of  equal  value,  it  obviously  follows 
from  the  symmetry  of  the  system  that  each  one  of  the  indices  may  be  exchanged  for  each  of 
the  others,  so  that  the  total  number  of  planes  possible  will  be  given  by  all  the  arrangements 
of  the  indices  ±h,  ±k^  ±1,  or  as  follows: 


hja 

Mk 

khl 

Idh 

Ivv^V 

Ikk 

hJd 

hlk 

khl 

km 

Vhk 

JJck 

hJd 
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m 

m 
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Vch 
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m 
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Uch 
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m 
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m 
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m 

m 

m 

m 

M 

Vch 

A.  Eolohedral  Fomu. 

There  are  seven  oases  possible  among  the  holohedral  forms  of  this  sjrstem,  according  to  the 
valued  of  A,  k,  L  These  are  shown  in  the  list  below,  to  which  are  added  the  symbols,  aftex 
Naumann,  given  on  p.  14,  though,  as  already  explained,  written  in  the  inverse  order.  In  the 
most  general  case  [fiM]*  the  form  includes  forty  eiffht  similar  planes,  and  in  the  moat 
special  case  )100],  there  are  included  six  similar  planes. 

MlLLKB. 

1.  [?ikl]:  h>k>i. 

2.  [hkk];  h^k, 
8.  [hhk\  ;  h>k. 

4.  [Ill]  ;  A  =  *  =  «  =  !. 

5.  [hkO]  \  1  =  0. 

6.  [IIOJ  ;  A  =.  *  =  1 ;  J  =  0. 

7.  [lOOJ:  A  =  l,  A  =  f  =  0. 

The  seven  distinct  forms  oorresponding  to  these  symbols  are  as  follows,  taken  in  the  saniA 
Older  as  on  yp  14-20,  where  the  forms  are  described : 

Cube  (f.  7t$l).— Symbol  [lOOJ,  including  the  six  planes  (100),  (010),  (lOO),  (OlO),  (001), 
(OOl).     See  also  the  spherical  projection  (f.  766). 

761  762  763  764  765 


Naumanw. 

ainaima 

m*n]» 

a  :  ma  :  ma 

ni-m]. 

a:  a  :  ma 

m]. 

a:  a:  a 

M 

a  :  na  :  CO  a 

»-n]. 

a:  a :  ooa 

[fl. 

a:  coa  :  coa 

m. 

[100 


llll] 


tllO] 


[100]  [111] 


[100]  [110]  [111] 


Octahedron  (f.  762). — Symbol  [111],  including  the  eight  planes  taken  in  order  shown  to 
f.  762,  (111),  (111),  (III),  (III),  (111),  (ill),  (111),  (Hi). 

^In  general  the  indices  of  any  individual  plane  are  written  (AA^Oi  whereas  the  general 
symbol  {hki\  indicates  aU  the  planes  belonging  to  the  form,  varying  in  number  in  the  different 
systems ;  thus,  in  this  system,  [100]  is  the  general  symbol  for  ti^e  six  similar  planes  of  tbii 
cube. 


448 


AFFENDDC 


JJodeeahsdron  (f.  768) .—Symbol  [110],  including  the  twelre  planes,  (110),   (IlO),  (110> 

alo),  (101),  (Oil),  (101),  (Oil),  (101).  (Oil),  (ioi),  (Oli). 

The  relations  between  these  three  forms  are  given  in  fall  on  pp.  15,  16,  and  need  not  be 


and  (111),  100°  28'. 


766 


767 


[211] 


Tetrttgonal  triaoetahedron  (f.  767,  768).— Symbol  [hkk],  with  h>k,  oompiising  twenty^fooi 
similar  planes. 

Trigonal  triaoetahedron  (f.  769).— Symbol  [AAJb],  with  A  >  A;,  also  embracing  twenty -f oar  liJcf 

planes. 


769 


771 


772 


[221] 


[210] 


[810] 


[821] 


Tetrahexahedron  (f.  770. 771). — Symbol  [?M\  indnding  twenty-four  like  planes.  As  seen  oo 
the  spherical  projection  (f.  766),  the  planes  of  the  form  [hkO\  lie  in  a  sone  with  the  dodeca- 
hedral  planes,  between  two  pinacoid  planes. 

Uexoctahedron  (f.  772),  [^J.— This  is  the  most  general  form  in  the  system,  including  the 
forty-eight  planes  enumerated  on  p.  447.  Their  position  (A  ==:  8,  A;  =  2, 2  =  1)  is  shown  on 
the  spherical  projection  (f.  766). 


B.  Bemihedral  Forma, 

There  are  two  kinds  of  hemihedral  forms  observed,  as  shown  on  p.  20 :  (1)  the  Mmikoh^ 
hadraly  where  half  the  quadrants  have  the  whole  number  of  planes ;  and  (2)  the  holohftnihadrai 
where  all  the  quadrants  have  half  the  full  number  of  planes.  The  first  Idnd  produces  incUnetl 
hemihodrons,  indicated  by  the  symbol  K^hkl]^  and  the  second  kind  produces  ^raZM  hemihe- 
drona,  indioated  by  the  symbol  n[hJdl.    The  resulting  f  onus  in  the  several  eases  axe  as  follows  ■ 


HtLUEB'a  BT9TB1C  OT  CUT8TALLOURAPHT. 


Inohtdes  tlw  pluea  <U1),  (111).  (Ill),  (III). 
774 
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(f.  7741 


.[111] 


<I1U1 


«iaiii 


<Iiai] 


.{821] 


Btnti-»-i»oetah«ilroru — Tho  «7iiibol  xlhlck]  danotea  the  aoM  ahown  In  f.  775,  ud  j([AU| 
the  aolid  ■hown  in  t,  770.  The;  are  Qm  hemibednl  fomu  ot  the  tetrspmal  tad  trigonal 
triBOotahedtoiu  reipeotiTel;. 

Hmni-hexoeiafMinm. — The  uuna  kind  □(  bemihedrum  applied  to  the  hexooCAhedniii  pio- 
daces  the  foTm  shown  !n  t.  777,  hsTicK  the  geaeral  sjinbol  K[AJel]. 

Inclined  bemibedrism  as  applied  to  the  three  other  solids  nl  this  Fjatem  prodnoat  (aima 
in  DO  wi^  diSeient,  in  oatwaid  appeaxonoe,  from  the  holobedral  foima. 

Farallbc  HEMfHBDRIBlI  piodnoea  distinct,  independent,  forma  only  in  the  oaae  of  the 
tetraheiahedzon  and  the  hexootahedron.  ThesTmbolof  the  fonneiia  <r[UO],  and  of  the 
latter,  )r[im ;  the;  are  ahown  in  L  778-783. 


ir[120]  ir[2101  [100]  ir[881] 

a  am  poMibte  In  thia  sTatem,  bat  th^j-  are  of  an 


(1)  The  diatanoe  of  the  pole  of  anj  plane  TlJUd)  from  tbe  cnbio  (or  pinaooid)  planes  ia  given 
b;  tba  followiag  eqaations.  These  are  derived  from  eqaation  (2),  p.  448.  Here  PX(=FA) 
is  the  diatanoe  between  (JM)  and  (100) ;  PYC^PB]  ia  the  diatanoe  between  (A^)  and  (010) ; 
aud  PZ(=PG)  that  between  [hJd)  and  (001), 

Tbe  following  equationa  admit  of  mnoh  aimpliacation  m  tpedal  cases,  for  (AitO),  {khk),  eto. 


oos*PA  =  ,. 


ft' 


oos'  PB  = 


•  P0  = 


^  v'(ft'+A'  +  P)(p'  +  j'  +  f*)' 
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I  or  the  hemibednl  form  (f .  775),  oos  B  = 


{b)  Trigtmal  trigoetahedron.—The  angles  A  and  0  are,  as  before,  the  si^plAineiifii  ot  the 

iuterfacial  angles  of  the  edges  lettered  as  in  1  769. 


For  the  hemihedral  f orm  (f.  776),  oos  B  = 


2h^  +  ifi' 


T^WaJ^sasahsdron  (1770), 


A*  8AA 


For  the  hemihedral  form  (1  778),  oos  A'  =  ?!  .  ^  .  oos  0'  =     ** 


A«  +  *« 


*•  +  !*• 


JJftB00toA«lr«?n  (1  779). 


For  the  hemihedral  form  K[hkl\  (f .  777),  oos  B'  =  ,/     ,,      = . 

Foi  ir[A«],  oos  A  =  j^-^^^-^;  oos  0  =^^^-5——. 

For  planes  lying  in  the  same  zone  the  methods  of  calcolation  given  on  p.  444  and  p.  446 
are  made  use  of.  In  many  cases,  however,  the  simplest  method  of  solution  of  a  giyen.  prob- 
lem is  l^  means  of  the  spherical  triangles  on  the  projection  (f.  766). 

IL   TSTBAQONAIf  STSTBIC. 

In  the  Tetragonal  System,  since  the  vertical  axis  i  has  a  different  length  from  the  two 
equal  lateral  axes,  the  index  2,  referring  to  it,  is  never  exchangeable  fortheother  indices,  AandA;. 
T}ie  general  form  [h^  consequently  embraces  all  the  planes  wbicb  have  as  their  symbols 
the  different  arrangements  of  ±A,  ±A;,  ±1,  in  which  I  always  holds  the  last  place.  We 
thus  obtain : 


AA^ 

m 

m 

Ud 

m 

m 

m 

hhl 

AA7 

m 

m 

m, 

wa 

m 

m 

m 

A  Holohedral  Farms, 


According  to  the  values  of  A,  A,  and  I  in  this  general  form  (A  =  0,  A  =  A,  eto.)»  diflerant 
sases  may  arise.  By  this  means  we  obtain  a  list  of  all  the  possible  distinct  holohedral  fomia 
Id  tlus  system.    They  are  analogous  to  those  of  the  Isometrio  System. 


HiLLBB. 


1.  [AAf] ; 

A>A. 

2.  [hM]: 

,  h  =  k. 

8.  [A(M]  ; 

,  A  or  A  =  0. 

4.  [AAO] 

;  A>A,  Z  =  0. 

5.  [110]  i 

;  A=A  =  l,i  =  a 

6.  [100] ; 

,  A  =  0,  <  =  0. 

7.  [001] 

;  A=A  =  0. 

UfAVMMOU 

r. 

a:na:fne 

[m-n]. 

aiaimc 

["»]. 

a  :  Qoa  :  mo 

[w-q. 

a  ina :  ooo 

V»J, 

ai  ai  000 

/]. 

a  :  00a  :  xe 

WJ. 

aoa  :  00a  :  0 

\o\. 

KIU.BI^8   BTBTEH  OW  OBXBTALLOOKU'HT. 


451 


nie  fonna  Mwweiing  to  thoM  gsaenJ  qrmboli  (oompaie  t  7W)  ara  aa  fidlowa : 

Siual  plant$.—3jmbol  [OOt],  inolading  the  idaaea  (001)  and  (001). 

Prunu.—(a)  Diametral  pmm,  or  that  of  the  teeond  ttriet  (t  783).     STinbol  [100], 
alndinff  the  foar  plaooB  (100),  (010),  (100),  (OlO). 

(6)   Unit  priBin,  or  prism  f.t  the  j!i-rt  wtrK*  (f,  784).— Bjmbol  [110],  « 
planeB(llO).  (110),  (lIO),  (lIO).     The  relation  o(  thoM  two  prisras  ia  shown  o' .  ^.  ... 

(<i)  OetagotuA-p^ta  ft.  7&?). -Symbol  [UO].  including  the  aigbt  plauea  (AAA),  {k/iO),  (iUO), 
ihkO),  (A*J1,  ({/<0).  (AAO),  (AtO). 

Oe(aA«frOTMor  /'^nmuiit— There  tie  two  MTlea  of  ootaludral  planea,  ootreapondlnr'to  the 
two  sqoare  priama.  (a)  Ootahedrons  of  the  $eoand,  oi  diajrtetrai  aeriea.  Symbol  [aWl,  in- 
o]ading  eight  Bunilar  planae.     The  lonn  [101]  la  ahown  in  f.  78fl. 

[b)  Ootahediona  of  the  Jlrtt,  or  unii  seiiea.— Symbol  {AAQ,  embraoiBg  eight  ^milar  planes. 
Tha  form  [HI]  la  ahown  in  L  787. 

788  781  783  786 


Oetagonal  Pyrataitli.—The  general  aymbol  [UI]   emliraoea,  aa  alraadj  ihown,  alxteen 
like  plMiea,  wh&li  h^cetber  f onn  the  oott^oud  pyramid  ahown  in  f.  788. 


-/<7 

\           ^*v° 

-  ^ — '^~' fN, 

yiT^^^"-^ 

x3 

Jy 

The  teUtlona  of  the  Taiiooi  tetragonal  fonna  will  be  imderatood  by  referenoe  to  1  790, 
khowing  the  piojeotlon  for  the  oryatal  lepreeenteil  in  f.  789. 

B.  SeatiAedrat  Form*. 

Amtaig  the  hemlhedral  forma  there  are  to  be  diatingiiitibed  three  olflwOH, 
ua  ahown  on  p.  28  e(  tea.  t.  Spheiundal  hamlhedrotiH,  ooneaponding  to  the 
ineliiuid  hemihedrona  of  the  iaometric  system.  They  are  Indicated  by  the 
^fmbol!r[MIj.     The  sphenoid  ir[llll  is  shown  inf.  791. 

2.  Pi/ramidal  hemihedrona,  that  is,  those  whioh  are  hemiholohedrol,  and 
vurtically  direot.      Thete  are  iudioated  by  the  symlwl  <[ftAi]. 

3.  Trapeaiidai  heTnihedioQB,  hemibolohedral  like  those  juat  mentioned, 
bat  vertJcaUy  alternate.     They  have  the  symbol  x'[hiU], 
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liiUhematiecH  BdotionB  of  the  Tdragcnal  Byntmn, 


(1)  The  cUstanoefl  of  the  pole  of  any  plane  P(^  from  the  pinaooid  planes  100  (=  PA),  OIC 
=  PB),  001  (=  PG)  are  giyen  by  the  following  equations: 

These  may  also  be  expressed  in  the  f  oim : 

(9>  For  the  distanoe  between  the  poles  of  any  two  planes  (7tA0»  iP9T)t  ^®  ^^^  ^  general : 

The  above  equations  take  a  simpler  form  for  special  cases  often  occurring. 

(8)  Plana  in  the  same  zone. — For  the  general  case  of  planes  {Jiki)    and   {pgr)  the  re 
lation  given  in  equation  4  (p.  440)  is  made  use  of.      In  the  special  cases,  practically  of  the 
most  importance,  where  the  planes  lie  in  a  zone  witii  a  pinacoid  plane,  the  simplified  formula! 
are  employed. 

For  the  octagonal  prism  this  relation  becomes: 

tan  (100)  {IM)  =  cot  (010)  (AAO)  =  ^ . 

Determination  of  the  axis  h, — This  follows  from  equation  (1),  p.  446,  whioh,  for  this  oaw 
becomes: 

1  c 

J  oos  PA  =  -=  cos  PC,  (a  =  1;. 

For  an  octahedron  (AOO  in  the  diametral  series,  we  have : 

tan  (AW)(001)  =  p 

For  the  unit  octahedron  (111),  we  have : 

tan(lll)(001).oo6  45*  =  4S. 

IIL  Hexagonal  Ststbm. 

The  Hexagonal  System  and  its  hemihedral,  or  rhombohedral,  division  are  both  included  by 
SCUer  in  his  Rhombohbdral  STarsM  (see  p.  462).  All  hexagonal  and  rhombohedral  forma 
are  referred  by  him  to  three  equal  axes,  oblique  to  one  another,  and  normal  to  the  faces  of 
the  unit  rhombohedron.  This  method  has  the  great  disadvantage  of  failing  to  exhibit  the 
hexagonal  symmetry  existing  in  the  holohedral  forms,  since  in  this  way  the  similar  planes  of  a 
hexagonal  pyramid  receive  two  different  sets  of  symbulR,  having  no  apparent  connection  with 
each  other.  It,  moreover,  hides  the  relation  between  this  system  and  the  tetragcnol  system, 
which,  optically,  are  identical,  since  they  possess  alike  one  axis  of  optical  symmetry. 

The  latter  difficulty  was  avoided  by  Schrauf,  who  introduced  the  ORTHonsxAOONAL  Sys- 
tem.   In  this  the  optical  axis  was  made  the  crystallographical  vertical  axis,  and  otherwise 

two  lateral  axes,  at  right  angles  to  each  other,  were  assumed,  a  and  aid.     This  method,  how- 
ever, does  not  overcome  the  other  objection  named  above. 

In  the  method  of  Weiss  and  Naumann  a  vertical  axis,  coinciding  with  the  optical  axis,  was 
adopted,  and  three  lateral  axes  in  a  plane  at  right  angles  to  it,  they  intersecting  at  angles  ol 
60 \  corresponding  to  the  planes  of  symmetry  in  the  holohedral  forms  (see  p.  462).  In  this 
waj*  /uily  can  the  symmetry  of  the  hexagonal  forms  be  clearly  brought  out,  and  at  the  sam« 
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time  the  xelatioii  between  the  hexagonal  and  tetragonal  systems  exhibited.  Recently  Groib 
(Tsoh.  Min.  Mitth,,  1874,  223,  and  Phys.  Kzyst.,  1876,  p.  252)  has  shown  that  the  complete 
symbols  of  Weiss  and  Naumann  could  be  translated  into  a  reciprocal,  integ^  form  after 
the  mapner  of  Miller.  The  symbols  then  obtained,  as  was  also  i&own,  admit  of  a  like  con- 
venient use  in  calculation.  Essentially  the  same  method  was  proposed  in  1806  by  Bravais, 
and  his  sug^stion  is  followed  here ;  the  more  important  equations,  expressing  the  relations 
between  the  poles  of  the  planes,  their  indices,  and  tibe  axes  of  the  crystal  are  also  added. 
They  are  given  somewhat  in  detail,  since  they  are  not  included  in  any  of  the  works  on  Miller^ e 
gystsm  before  referred  to. 

All  hexagonal  forms  are  referred  to  a  vertical  axis,  c,  and  three  equal  lateral  axes  in  a 
plane  at  right  angles  to  it,  intersecting  at  angles  of  60° 
and  120''  (f .  792).  The  general  symbol  for  a  plane  in  this 
system  is  (hkli),  where  it  is  always  true  that  the  alge- 
braic sum  otK,  k,  lUi  zero,  that  is,  A  -f  A;  +  <  =  0.  The 
indices  here  are  the  reciprocals  of  those  of  Naumann, 
except  that  the  index  I  has  the  opposite  sign,  and  the 
order  of  two  of  the  indices  is  inverted.  According  to 
him  the  general  symbol  of  any  plane  is  m-n  (=mPn), 

or,  in  full, — -a  :  a  :na  ifM,    Thus  the  plane  3-|  (SPj^) 

has  the  full  symbol,  8a  :  a  :  fa  :  8<;,  or  to  conenpond 
with  the  other  symbols  it  must  be  written,  8a  :  }a  :  a  :  3«l 
The  reciprocals  of  the  latter  indices  are  i^ :  f  :  1  :  i,  or, 
reduced  to  integers  (and  changing  the  sign  of  I)  (12^1), 
which  is  the  symbol  according  to  the  plan  here  fol- 
lowed. Similarly  the  plane  (2243)  gives,  on  taking  the 
reciprocals,  ^  :  ^aiia  :  ^,  which  is  equivalent  to  2a :  2a 
:  a  :  ^0,  or  in  Naumann's  abbreviated  form  ^-2(=^P2). 

It  is  the  great  advantsge  of  this  method  that  it  makes  it  possi')'e  to  change  the  almost  nnl* 
versally  adopted  symbols  of  Weiss  and 
Naumann  into  a  form  which  allow  of  all 
the  readiness  of  calculation  and  the  appli- 
cation to  the  spherical  projection  which 
are  the  characteristics  of  Miller's  System. 

In  calculations,  both  by  zone  equations 
and  other  methods,  only  two  of  the  indices 
'i,  k,  or  I  of  the  form  {/ikHi)  need  bo 
employed,  with  the  remaining  index  t  (re- 
ferring to  the  vertical  axis).  This  is  ob- 
viously true,  since  the  three  indices  named 
are  connected  by  the  equation  h  -h  k  +  I 
=r  0.  Disregarding,  then,  in  calculation 
the  third  index  J,  as  shown  beyond,  the 
planes  are  referred  to  two  equal  lateral 
axes,  intersecting  at  on  angle  of  120'', 
and  a  third  verti^  axis  c. 

The  symbol  [hkli]  in  its  more  gen- 
eral form  embraces  twenty-four  planes, 
as  is  evident  from  an  inspection  of  the 
spherical  projection,  f.  798.  Here  A,  k,  I 
are  of  equal  value  and  mutually  exchange- 
able, with  the  condition,  however,  that 
tiieir  algebraic  sum  shall  always  equal 
sezo.  &  the  twenty-four  planes  of  the 
dihexagonal  pyramid,  the  following  are  those  of  the  upper  quadrants  mentioned  in  order 
from  left  to  right  around  the  circle  (f.  793).  Thoee  below  have  the  same  symbols,  except  thai 
the  index  i  in  each  case  is  minus : 


(hkli) 


(h2ki) 


iklki) 


(Mi) 
{Ikhi) 


{Ihki 


(JE^Ii) 
{kia%) 


In  this  general  form  [?ikl{]  the  following  special  cases  are  possible,  each  one  giving  rist 
to  an  independent  form  or  group  of  forms,  as  seen  below : 


Br  at  a  w-Mtt  -lbh  . 


[MB] 

^■.na:<,:«u, 

[*•-»] 

AA3A31] 

k  =  h.:t  =  2i 

iia-.iaia-.nu 

[•»-ai 

im  i 

A  =  i!  =  l.-.J  =  a,*  =  8 

2a:2ata:o 

1-3] 

t  =  0.-.  I  =  A 

aia:  a:  a:  me 

[»1 

OIIl  ; 

A  =  I,i=0.-.:  =  l 

■  a>a:aia:o 

[11 

[Ai»]; 

*=0 

■^a:na:a:o>e 

[i^l 

1120  ; 

(  =  0,»  =  *  =  1.-.J  =  « 

3a  :3a    a:-x,e 

f.9] 

MIO]; 

{  =  0,k  =  0,h  =  l.:t=:l 

n 

0001   ; 

h  =  k  =  l  =  0. 

<h 

A.  HtA^iedral  'Form*. 

rho  forma  to  whioli  theM  ajmbola  belong  hftve  been  already  mentioned  on  pp.  S3'-S4 
Tbej  m^  ba  briefly  Tecapitnlated  beie.  Thej  aie  taken  in  the  i«vorB«  (»dei  tiom  that  giT«B 
in  tha  table. 

Aim;  filiMUt.— Symbol  fOOOl)  and  (0001). 

Prima.  -,al  The  uni(  priam  (/).  Qeneral  lymbol  [0110],  ioolnding  (■"•  f.  703.  7M)  the 
■ix  planes  wlUi  Uie  foUowing  eymbola:    (OlIO),  (1100).  (lOlO),  (OllO),  (llOO),  (lOlO). 

(ft)  The  diagoTuil  prism  (i-2).  Gtoieral  symbol  [1_1_30],  including  (L  708,  T9S)  the  f<dloir' 
higaix planes:  (Il30),  (1310),  (2110),  (1120),  (I2l0).  (3110). 

(d)  Tba  dihtxagonal  ■pmra  {i-n).  General  symbol  [UJDJ,  embrooing  the  following  twelva 
planet  mentioned  in  order : 

(km),  (MO),  {WJi),  (Ik/iO),  (ThkO),  (£^),  (£EIO],  (AM),  (*2A0),  (lUO),  (lUO),  (JbUOV 

Hexagonal  pi/romid*.  or  QuorteMJi.— -(a)  The  pytunidi  ol  thejlrdoiun^tsfu*.  Q«iieral 
■ymbol  [OAAi]  embracing  twelve  ainilar  planes.  All  the  pyramida  of  this  seriei  lie  in  ■ 
lone  between  the  nnit  prism  [OlIO]  and  tiie  base  [0001],  A  special  ease  of  this  is  when 
\  =  ]t  =  i=\.    The  planet  of  this  form  (f.  7B0)  an  shown  on  the  projeotion,  f.  T93. 


(ft)  Pyramids  of  the  (CEomi,  or  diagonal  teria.  Oeneral  S2rnibol  [MSASi],  Inoloding  twslr« 
planes,  analofrons  to  thoee  ot  the  pyrunld  unit  seriet.  All  the  pyramids  of  this  Berlea  lie  in 
a  aone  between  the  diagonal  ptiam,  wboM  general  ^icbol  is  [1130],  and  the  baaal  plane 

nMiii»4Mfe(IfiimtmAb,  or  BerytUM*  (t  707).— Oeaersl  aymbcd  \Wi\,  inolnding  the  twen^- 
lou  planea  annmerated  on  p.  4w. 
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708 


800 


B.  ffemihsdral  Farm$. 

The  most  Important  of  the  hemihedral  forms  in  this  system  are  as  foil  Iws ; 

1.  Ptramidal  hemihedzism. — This  comes  tinder  the  head  of  holohemihedral  forms,  which 
•le  vertically  direct  (see  pp.  84,  85).  It  is  indicated  like 
the  corresponding  hemihedrism  in  the  tetragonal  system 
v[7ikli\.     It  is  common  on  apatite. 

2.  Rhombohrdhal  hemihedrism. — These  incladed 
here  are  hemiholohedral,  and  yerticaUy  alternate.  They 
are  indicated  in  general  by  K[/ikI{],  This  class  is  import- 
ant, since  it  embraces  the  Bhombohsdbal  Diyisiom. 

(a)  RhambohedroM,  Symbol  ic[OA^t] ;  the  unit,  or 
fundamental  rhombohedron  (r\-R,  f.  798)  has  the  symbol 
ir[01Il],  including  the  six  planes:  (Gill),  (lOll), 
(lIOl),  (1011),  (1101),  (Olll).  The  negative  rhombohe- 
dron (-i?^  f.  799)  includes  the  planes:  (IlOl),  (Olll), 

(lOii),  (0111),  (ioii),  (lioi). 

{b)  Scaieno/iedroM  (f.  800).     Symbol  K\hkH]. 

8.  Gtroidal,  or  trapezohediBl  hemihedrism.— The 
forms  here  included  are  holohemihedral,  and  vertically 
alternate.    They  are  indicated  by  K[hkU]  ,  see  p.  89. 

4.  Tbtratohedribm.— This  may  be  (1)  rhambohedrai^ 
indicated  by  «nr[^2i] ;  or  (2)  trapegahedral  (gyroidal),  as  common  on  qoarta,  having  the  gen- 
end  symbol  lac'lhkH], 


Mathematiedl  Bdations  of  the  Hexagonal  J^et&m, 

In  the  Hexagonal  System,  as  has  been  explained,  the  symbol  in  general  has  the  form 
[hkJi],  where  the  algebraic  sum  of  A,  ^,  and  I  is  zero.  This  general  symbol  has  four  in- 
dices, referring  respectively  to  the  three  equal  lateral  axes  and  the  vertical  axis,  as  shown 
in  f.  792,  thus  showing  the  fundamental  hexagonal  symmetry  of  the  forms.  Since,  however, 
the  position  of  a  plane  is  known  by  its  intersection  with  three  axes  aione,  two  of  the  three 
indices  A,  A;,  I  are  all  that  are  needed  in  calculation,  the  third,  2,  being  a  function,  as  given 
above,  of  h  and  k.  The  mathematical  relations  of  the  planes  in  this  system  are  brought  out  by 
referring  them  to  three  axes,  vis.,  two  equal  lateral  axes  H^  K^  (=  a  =  1)  oblique  (120°  and 
60"*)  to  one  another,  and  a  third  axis  {c)  of  unequal  length  perpendicular  to  their  plane. 

This  applies  also  to  the  calculation  by  zonal  equations.  The  indices  (u,  v,  w)  of  the  lone 
in  which  the  planes  (AA^),  (P^)  UO)  ft'o  given  by  the  scheme  t 

h       k       i       h       k 

XXX 

p        q        t       p        q 

u=:kt  —  qi     ysstp  —  At  ir  =  A^  —  J^ 

(1)  The  distoiioes  (see  f .  798)  of  the  pole  of  any  plane  {MUi)  from  the  polet  of  t^  fdanet 
(lOlO),  (OlIO),  (IlOO),  and  (0001)  are  given  by  the  following  equations: 

00.  PI = 00.  (««)  (1010)  =  ^8,,^^^:;:^ 


w 


00.  PB  =  00.  («B)  (OtIO)  =  ^gjf^j-^^±^|r^-^^. 
00.  PM  =  00.  (»«0  (1100)  =  ^^J^JV=:»^^. 
«.PO  =  co.(*«0(0001)=  ^^ri*  +  4^1*1%  uM)- 
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The  distance  (PQ)  between  the  poles  of  any  two  planes  {hkU)  and  ( pgrC)  is  fciTen  l^  tht 
eqnation : 

^       V  [Si"  4-  ^{h:'  +  A"  4-  hk)]  [8«*  H-  4c'( p* -h  q* -h  pg)]' 

(3)  For  special  cases  the  aboye  formnla  becomes  simplified ;  it  serves  to  giye  the  yalue  oi 
the  normal  angles  for  the  several  forms  in  the  system.     They  are  as  follows : 

(a)  Hexagonal  Pyramid  [OMt],  f.  706, 

-_,.        ...      8t«  +  2A«^  „^,      ,,      W^  -  8>« 

^  ^  <*^™"^)  =  3frr4^ '  ^  ^  <^«^>  =  8FT'^5^- 

For  the  hexagonal  pyramids  of  the  seoond  series  [OhUhUi]  the  angles  have  the  same  taIim. 

(b)  Dihexagonal  Pyramid  [hkli], 

cos  X  (see  f .  797)  =  ^^^^^J^ 

oo.Y(seef  7m  -  ^*'' "^  ^^^^' +  ^  "  ^'> 
00.  X  (see  f.  7tf7)  -  si'  +  ^cHh^-^k^-^kk)' 

_  4c^{h^  4,  ^«  +  Aifc)  -  8<« 
008  /i  (Dasai)         -  g^.,  ^  ^,^^,  4.  j^  +  ;U.)- 

(0)  DihexagODAl  Fnsm  [M20]y 

COS  Y  (diagonal)  =  g^^^,  -^^,  -^- . 

(d)  Bhombohedron  x[OAAt], 

Si*  —  2A»c" 
COS  X  (terminal)  =  --p.^^. 

(#)  Soalenohedron  x[AJl7»], 

oosX(seef.800)=3^,_^^^,^^,^^^^^ 

00s  Y  (DOC  f  600)  -  ^'^  -^  ^^''(^^'  +  ^^'^  ^  ^''^ 
oosY(seef.8W)-.   3,-.  ^  4a''(A^  ^ ifc^  +  AA)  • 

7  n««i  n         -  2<:-»(A^  -f  A;^  +  4AA;)  -  3t* 
COS  zi  ^oasai;         _  ^^.^  ^  ^  .,^^,  ^  ^^  ^  ^^^. 

(4)  Relations  of  planes  in  a  zone. — The  general  equation  (3,  p.  446)  is  to  be  employed 
For  the  pyramidal  zones  passing  through  the  pole  (0001)  it  takes  a  simpler  form,  viz.  * 

p  "  g  "^  t  '  tan  QO* 
If  Q  =r  (Olll),  then : 

tanPO^ 
tanQC~T 

Determination  of  the  axis  (I— The  value  of  c  may  be  determined  from  any  one  of  tbf 
tqnations  which  have  been  given.     The  following  are  simple  oases : 

tan  (M  8^  2i)  (0001)  s:  ^\ 
A]flo  tan  ((Mi)  (0001) .  sin  60»  =  ^\  or  tan  (Olll)  (0001) .  sia  (SO*  s  A 
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IV.  Obthobhombio   System. 

The  Ortborhombio  System  is  characterized  by  three  unequal  reotongrolar  axes,  £,  3,  d.* 
The  indices  A,  k,  I  may  be  either  plus  or  minus,  in  the  general  form  [hkl],  but  they  are  not 
ezdiangeablo,  since  they  refer  to  axes  of  different  lengtlu.  This  general  symbol  then  embracef 
the  following  planes : 


(hJd) 


As  different  values  are  given  to  A,  A;,  Z,  this  general  form  becomes  more  or  less  specialiie^. 
The  possible  forms  are  as  follows : 


^1 


2. 
8. 


kht 
hhi 


(liioi 


5. 
6. 

7. 


[100] 
[010] 
[001] 


h>Jc 

h>  k, 

h  =  k. 

ik  =  0. 

A  =  0. 

I  =  0,  A  >  *. 

Z  =s  0,  A  >  *. 

A=  *  =  !,  Z=0. 

A;  =  Z  =  0. 

;i  =  /  =  0. 
;i  =  jk  =:  0. 


div3>\ifnh 

d  :  Qoi  :  mh 
coil  1 1  mh 
d\ri  \  cob 
ndilicoh 
d:h  I  cob 
d  :  coh  :  cob 

cod:  i  :  000 
00^  :  col :  b 


m-h] 

m-ii 

m], 
[m-i], 
[m4]. 

t'h], 

•  •  in 

.♦-*]. 
t-t]. 


Thesd  symbols  belone  to  the  various  distinct  forms  of  this  system,  as  follows : 
Pinaco%d8.-^a)  Basal  plane.     Symbol  [001],  including  the  two  planes  (001)  and  (OOl).    (5) 

Macropinacoid.    Symbol  [100]^  including  the  plane  [100],  and  [100]  opposite  to  it.    (c) 

BrcLchypinacoid,    Symbol  [010],  including  the  planes  [010]  and  [OiO]. 

PrianiB.-Afl)  Unit  prism  (/).    Symbol  110,  indudingfour  planes,  (110),  (ilO),  (iiO),  (llO). 
(b)  Macrodiagonal    and  brachvdiagonal 
pAsms,  having  respectively  the  sv^bols 
[AAO]  and  [A;AO],  if  A  is  greater  tnan  k. 

Thus  the  symbol  t-2  corresponds  to  [210]* 

and  t-2  to  [120]. 

i>of7i68. ---(a)  Macrodiagonal,  or  mctero- 
domes,  having  the  symbol  [^r| ;  and  {h) 
brachydiagonal,  or  brachydomes,  with  the 
symbol  [Okl].  In  each  case  the  symbol 
embraces  four  similar  planes. 

Octahedrons  or  Pyramids. — The  sym- 
bol [hhl]  belongs  to  tne  ei^ht  planes  of  the 
unit  pyramids,  all  lying  m  the  zone  be- 
tween the  unit  prism  [110],  and  the  base 
[001].    If  A  =  Uhe  form  is  then  [111], 

and  the  eight  planes  are :  (111),  (111), 

(ill),  (lii),  (Hi),  (iii),  (iii),  (lii). 

Of  the  geueral  pyramids  two  cases  are 
possible,  either  [hki]  or  [khJ],  when  h>  k, 
these  correspond  respectively  to  the 
prisms  f^hkO]  and  [khJO],  They  are  the 
macrodiagonal  and  brachydiagonal  pyra- 
mids of  Naumann ;  thus  2-i{=d:fA:2c) 
is  [211],  according  to  Miller,  and  2-2  (=  2<Jf :  5  :  2c)  is  [121]. 

♦  The  same  lettering  is  employed  here  as  in  the  early  part  of  this  work ;  it  differs  from 
that  of  Miller  in  that  with  him  a  is  the  mttcrodiagonat,  and  b  the  brachydiagonal  Bx.\a, 
Following  Groth,  and  later  writers  (Bauerman,  etc.),  the  macropinacoid  has  the  symbol 
(100^,  and,  the  brachypinacoid  the  symbol  (010) ;  similarly  the  macrodomes  are  in  general 
( W),  «)d  the  brachydomes  (OAQ.  . 
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For  the  figures  of  the  abovB.mentioned  forms  see  pp.  42-44.  Their  relations  will  be  under- 
stood from  an  examination  of  f.  801,  showing  the  projection  of  the  crystals  in  f .  758,  p.  444. 
It  will  be  seen  that  all  the  macrodiagonal  planes  lie  between  the  zonal  circles  (diameters) 
(110)  (001),  and  (100)  (001),  and  the  brachydiagonal  planes  between  (110)(001)  and  (010)  (OCl). 

Mathemaiical  Bdaiicna  of  (he  OrihorhomJric  System. 

(1)  For  the  distance  between  the  pole  of  any  plane  P  (hkt^  and  the  pinaooid  planes 
haye  in  general : 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  planes  Qikt)  and  (jp^) : 


cosPQ  = 


ViK'hH^  +  Jk'aV  +  /^a*']    [i?«6V  +  g^aV  +  r*an^'\ 


(8)  For  planes  lyins  in  a  jEone,  the  general  relation  (p.  446)  is  to  be  employed.    For  the 
iq)ecial  cases,  praoticfdly  of  most  importance,  the  simplified  equations  whion  follow  are  used, 
(4)  To  determine  the  lengths  of  the  axes,  the  general  equation  may  be  employed  : 

?-  cos  PA  =  ^  cos  PB  =  -y  cos  PC. 

Here  PA,  PB,  PC  are  the  distances  from  the  pole  of  any  plane  {hJd)  to  the  pinaooid  planes 
(lOO),  (010),  (001)  respectively.    The  brachydiagonal  axis,  a,  is  made  the  unit. 

If  the  angle  between  any  dome  or  prism  and  the  adjoining  pinacoid  plane  is  giyen,  the 
relations  follow  immediately : 

tan  PA  =  tan(AA«)(l00)  s  — 

tan  PB  =:  tan  (OiU)  (010)  =  ^ 

Ik 

tan  PO  =  tan  (^/)  (001)  =  ^ 


V.  MoKOCLTtrtO  SYSTftIL 

1 

111  the  lionodinio  System  there  axe  three  anequal  axes,  and  one  of  these  makes  on  oblicme 

angle  with  a  seoond.    l)he  axes  are  lettered  as  shown  in  f .  BbH^ 
AQ2  ^  ^  yertical,  h  the  orthodiagonal  axis,  and  A  the  cUnodiagoiud 

^^  axis  oblique  to  c,  but  at  right  angles  to  5.     The  symbol  \hkt\ 

embraces  only  four  similar  planes  in  the  most  general  case,  fox 
in  oonsequenoe  of  the  obliquity  of  one  of  the  axes,  the  quaJraate 
aboye  in  £i^>nt  correspond  alone  to  those  below  and  behind,  and 
those  aboye  behind  correspond  to  those  below  In  front.  This  ia 
seen  clearly  in  the  projection  of  f.  808.  ^or  ±h,  ±h^  ±1  tkt 
i^mbol  [hkS\  includes  t/i»o  distinct  forms,  yiii : 


(1)       {hkt)  {hJct)  iJJct) 

and     (2)      {hid)  {fiJ^  {hkl) 

The  Tarions  forms  are  as  follows : 


HILLEB'8  BT8TBM  OF  GBTSTAIXOOBAFHT. 


459 


iVna00M&.— Base  [001].    Orthopbiaeoid  [100].    OUnokrinaooid  [010). 
ooune,  oomprehending  two  plimes  only. 

808 


Eaoh  ^jmbol,  of 


80i 


Croooite. 


Pritm9,^{a)  Unit  priBm  [110],  =  d  :  ft  :  oo  ^  (/)  of  Naamann.  This  symbol  embraces  foot 
similar  prismatic  planes,  {h)  Otthodiagonal  prisms  [AAO],  where  h  >  k^  the  poles  of  these 
pri-'ms  fall  on  the  prismatic  zonal  drole  between  100  and  110  (see  f.  803).  They  correspond 
to  the  prisms  i-n  (=:d  :  nft  :  oocj  of  Naamann.  (c)  Clinodiagonal  prisms.  Symbol  [A:A0], 
h  >  kt  lying  between  (110)  and  (010).     They  correspond  to  i-h  {=pd  :  6  :  ao  c)  of  Naamann. 

Domes, — (a)  Hemi-orthodomes,  indoding  two  cases,  (101)  and  (lOl),  the  minuB  domes  of 
Nanmann  (opposite  the  obtnse  angle) :  and  also  (101)  and  (101)),  the  plus  domes  of  Nanmann 
(opposite  the  acute  angle  /B).  (d)  ClmodomeSi  Symbol  [OiU],  embracing  four  similar  planes 
(OA^)  (0^),  {fikl)t  (OX'2).  The  clinodome  [Oil],  equivalent  to  1-i  (=QC>d  :  b  :  mc),  is  one  case 
in  this  form. 

PyramidB,—The  pyramids  are  all  hemi-pyramids.  (a)  The  symbol  [hhl\  includes  the  unit 
pyramids  in  a  zone  between  [110]  and  [001].  (6)  The  symbol  [fUd]  includes  two  sets  of  hemi- 
pyramids,  whose  indices  have  been  given  on  p.  416,  corresponding  respectively  to  —  P  and 
4-P  of  Naumann. 

If  A  is  greater  than  k  these  are  orthodiagonaL  pyramids,  corresponding  to  ±  (d  :  n6  :  oo  c)  of 
Naumann.  The  symbol  \khJ]  on  the  same  supposition  includes  two  sets  of  planes,  like  those 
of  p.  45S,  and  differii^  only  in  being  cUnodiagonal ;  equivalent  to  (nd  :  ft  :  oo  o)  of  Naumann. 

The  orthodiagonaJ  planes  lie  between  the  zone  (100),  (001)  and  (110),  (001),  while  the  clino- 
diagonal are  between  the  latter  zone  and  (010)  (001),  as  is  seen  on  f.  803,  which  gives  the 
projection  for  f.  804. 


Mathematieal  delations  for  the  MonodUnic  BynUm, 

(1)  The  distances  of  the  pole  of  any  plane  {Jif^  from  the  pinacoid  planes  are  given  by  the 
f  rUowing  equations : 


cos 


—         *i.A  inA\         Afto  +  faft  cos  /3 

PA  -  cos  (A*0  (1 W)  ==VA«ft«d«  4-  AVc*  sin«  ^  +  Va^W-^  HUak^i  ii^"$  ' 

kao  sin  3 
2(ift  +  Aft0  cos  j9 


cos  PC  =  008  (hki)  (001^  = 

27 


\/A«ft V  4-  1(?a*c^  sin*  3  -f  f'a^ft*  -f  VdaJbH  om  /8  * 
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-.  (2)  The  distanoe  befcween  any  two  planes  may  be  ncpieaaed  in  genezal  fonn,  bat  in  all 
practically  arising  cases  the  end  can  be  attained  by  the  solution  of  one  or  more  spherical  tri- 
angles on  the  projection. 

(8)  For  the,  relation  between  the  planes  in  a  zone  the  general  eqnittion  before  given,  holds 
good: 

cot  PS  -  oot  PE        (PQ) .  (SB) 
cotPQ  -  cot  PE  *"  (QE) .  (PS/ 

(4)  For  all  sones  passing  throogh  the  dinopinacoid  (010),  the  yalue  of  PE  may  be  taken  as 
Wj  and  the  above  equation  oonsequentiy  simplified : 

p  ^  g  '    tanQB  ""  r 

This  equation  is  espedaOy  valuable  for  determining  the  indices  of  planes  in  the  priamatio 
and  dinodome  series. 

(5)  To  determine  the  axial  relations  the  general  equation  admits  of  being  transformed  so  mm 
to  read: 

h         sin  PYA  _  p  sin  QYA       o^ 

T  '       Bin  PYC  ■"  r  •       sin  QYO  "  a  * 

k         sinPYA  _  q         sin  QYA  _  h^ 
^^        '  J'        cotPY""T"        ootQY"'c' 

The  angles  PYA,  PYG  are  angles  which  may  be  calculated  directly  by  spherical  triang^les 
from  the  measured  angles.  Similarly  for  QYA,  QYC.  PY  and  QY  are  the  angles  between 
the  given  plane  P  or  Q  with  the  dinopinacoid. 


VL    TKICLINIO  STBTBli. 

In  the  Triolinic  System,  since  the  axes  ore  unequal  and  all  mutually  oblique,  there  can  be 
no  plane  of  symmetry,  and  there  can  in  no  case  be  more  than  two  planes  induded  in  a  single 
form._  The  three  axes  are  distinguished  as  a  vertical,  ^,  a  longer  lateral,  or  macrodiagonal 
axis,  I,  and  a  shorter  lateral,  or  brachy diagonal  axis,  a.  The  position  assumed  for  the  axes 
is  shown  in  f.  250,  p.  80. 

The  general  symbol  [?ikl\ ,  which  includes  eight  similar  planes  in  the  orthorhombic  system, 
is  here  resolved  into  four  independent  forms,  embracing  two  opposite  planes  only.  They 
are  thus: 

a)i^   <2)a   (»>s   (*»s 

These  correspond  respectively  to  rriB'n  (1),  m"Pn  (2),  mP,n  (8),  m,P/i  (4)  of  Naumann,  oi 
^m-n ,  —ffi'Tiy  m-n'j  m-n\  as  the  abbreviated  symbols  are  written  in  the  earlier  part  of  this 
work. 

Contrary  to  the  usage  in  the  orthorhombic  system,  it  is  customary  to  make  [100]  the 
maoropinaooid  (i-i  =  d  :  ao  5  ;  co  ^),  and  [010]  the  brachypinacoid  (»-i  =  oo  d  :  6  :  occ  .  Planes 
having  the  symbol  [/tOQ  are  then  macrodomcs;  and  those  of  the  symbol  [OAij  are  brachy- 
domes.  Similarly  then  pyramids  (h  >  k)  of  the  form  [JtJd]  are  macrodiagonal  planes,  and 
tiiose  of  the  form  \hk£)  are  brachydiagonal  planes.  The  unit  prism  consists  of  two  independent 
forms  (110),  (110)  (r=«P/),  and  (110),  (110)  (I  =«  ',P). 

MatJixmaiical  Bdations  of  the  TricUnie  Systertu 

tn  ooufiequenoe  of  the  obliquity  of  the  axes  in  the  Tridinic  System  the  mathematical  rela- 
tions are  less  simple,  aud  the  general  equations  deduced  as  before  become  so  complicated  as 
to  be  seldom  of  much  practice  value.  Most  problems  which  arise  may  be  solved  by  the  zonal 
relations,  or  by  the  solution  of  the  spherical  triangles  in  the  projection.  Some  of  the  mosl 
important  relations  (given  by  Sehrauf)  alee  as  follows: 


killeb's  btsteu  m  obtbtalloobapht. 


161 


If  the  angle  between  the  axes  X  and  Z  =  17,  between  X  and  T  =  C>  ^^  betwoen  Y  and  8 
=  ( (see  f .  757) ;  if  alao  a,  /i,  7  are  the  coxzeBponding  angles  between  the  pinacoid  pkuu 
then* 


and 
where 


C06/iO<Ml7  "  cosa 


sin/iBiny 


cos  7  COB  a  ~  COB  $  J,        COB  /9  COB  a  "=  OOB  % 

gm78ma  sin  a  em  3 


00B»PX  = 


A»ftV  A, 


008»PT  = 


*»a»<j«  A' 


COB*PZ  = 


Pa«*«  Ai 


Ml  M|  M| 

Ai  =  [1  +  2  cos  a  COB  /i  COB  7  —  (cob*  a  +  cob*  fi  +  cos*  7)]. 

Ml  =  A'^c*  Bin*  a  +  A;'(i  V  Bin' /9  +  ^a*6' sin  V  +  2a^  (A^  COB /i  sin  a  Bin  7 
+  AA:0OOB78ina8in/S  +  ifcte  cob  a  sin  ^  Bin  7). 


Alflo 


00B»AX=-;^;  oobBY  =  -;^; 

sin*  a  '  sm*  /9 


CObCZ  =  — : 


A, 


Bin*  7 


When  PX,  PT,  PZ  have  been  f onnd  by  oalcnlation,  then  the  following  equation  gives  thi 
rehition  of  the  axes : 

-T-  OOB  PX  =  -=-  cos  PT  =  -7-  COS  PZ. 


A»  seen  in  f .  805. 

00a  PX  =  Bin  PBG  sin  PB  =  sin  PCB  sin  PC; 
COB  PY  =  Bin  PGA  sin  PC  =  sin  PAG  sin  PA; 
00a  PZ  =  Bin  PAB  sin  P A  =  sin  PB  A  Bin  PB ; 
and  also  from  these  it  follows  that — 


805 


-r  sin  PAG  =  -r  sin  PAB  ; 
4-8mPBA=^BinPBG; 


sin  PGB  =  4-  Bin  PGA. 
A 


=  180'  -  GAB  ; 


H  =  180»  -  ABO  ; 


f=180'- Aca 


Bklationb  of  the  Snc  Grtbtallinb  Ststbmb  in  Bbspbot  to  Stmmetrt. 

From  a  carefal  study  of  the  spherical  projections  for  the  snocesslve  systems  a  very  clear 
idea  may  be  obtained  of  the  degree  of  symmetry  which  characterizes  each.  It  is  well  under* 
Btood  that  in  the  Isometric  System  there  are  mne  planes  of  symmetry ;  in  the  Tetragonal, 
floe;  in  the  Hexagonal,  seven  ;  in  the  Orthorhombio,  three;  and  in  the  Monoclinio  only  one. 
These  relations  are  shown  on  the  projections  by  the  symmetrical  distribution  of  the  poles  abort 
the  respective  great  circles     These  zone-circles  of  symmetry  are  as  follows : 

Isofnetrio  System  (f  •  766) :  1st,  the  three  diametral  zones : 

1.    (100),  (010),  (iOO).  2.     (100),  (001),  (iOO).  8.    (010),  (001),  (OIO). 


Also  the  diagonal  zones : 

4.  (110),  (001),  (liO). 

5.  (110),  (001),  (110). 

TetroffontU  System  (f .  790) : 

1.    (100),  (010),  (IOO). 

Alsot 

4.    (110),  (001),  (liO). 


6.  (100).  (Oil),  (TOO). 

7.  (100),  (Oil),  (IOO). 


8.    (010),  (101),  (OlO). 
0.    (010),  (101),  (OlO). 


2.     (100),  (001),  (iOO).  8.    (010),  (001),  (OIOV 

5.    (liO),  (001),  (IlO). 


462 


EetOiiganal  Bifilem  (1  7U8)t 

1.    (lOlO),  (0001),  (lOlO). 
4.    (1120),  (0001),  (1120). 

OrUmhombie  8y»Um  (t  801) 

1.    (100),  (010),  (lOO). 
MonoeUrUe  SyHem  (t  804) : 


2.    (OlIO),  (0001),  (OIIO). 

6.  (1210),  (0001),  (1210). 

7.  (1010),  (0110),  (1100). 


2.     (100),  (001),  (iOO). 
1.     (100),  (001),  (IOO). 


8.    (IlOO),  ((>00);,  (1100% 
6.    (2110),  (0001),  (21i0>. 


8.    (010),  (001),  (OIQ). 


In  the  Tiidliiio  Sjstem  there  is  no  plane  of  Bjmmetiy. 


Thb  Rhoiibohrdbal  Dnnsioir  ov  Millbr. 

The  following  projection  (1  806)  ia  added  in  order  to  show  the  relation  of  the  forms  in  the 

Hexagonal  and  Bhombohednl  Systems  ai 
806  referred  to  the  three  eqnal  oblique  axes  of 

Miller.    The  forms  are  as  follows : 

The  planes  haying  the  indices  (100), 
(010),  (001)  are  those  of  the  (pins)  funda- 
mental rhombohedron,  whDe  the  plane 
(111)  is  the  base.  The  planes  (221),  (121), 
(122)  are  those  of  the  minns  fondamental 
rhombohedron;  with  the  planes  (100), 
(010),  (001)  they  form  the  unit  hexagonal 
pyramid. 

The  hexagonal  nnit  prism  (/=  [0110]) 
has  the  symbols :  (211),  (l2l),  (112),  (211), 
(121),  (1 12).  The  second,  or  diagonal  hexa- 
gonal prism  (t-2  =  [1120])  has  the  symbols : 
(101),  (liO),  (Oil),  (101),  (110),  (Oil). 

The  dihexagonal  pyramid  embraces, 
like  the  simple  hexagonal  pyramid,  two 
forms,  \hkl\  and  [efg] ;  the  symbol  [hid] 
hence  belongs  to  the  pins  scalenohedron, 
and  [efg]  to  the  minns.  In  this  as  in  other 
cases  it  is  true  that :  0=— A  +  2A;+2(, 
/  =  2A  -  A;  +  2i,  ^  =  2A  -f  2*  —  ^ 

The  dihexagonal  prism  includes  the  aii 
planes  of  the  form  [/<il0],  and  the  remain- 
ing six  of  the  form  [^0]. 

Most  of  the  problems  arising  nnder  this  i^ystem  can  be  solved  by  the  cone  equat^onf ,  oc 
bj  the  woiking  oat  of  the  spheriosl  triangles  on  the  sphere  of  projection. 
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ON  THE  DRAWING  OF  FIGURES  OF  CRYSTALS. 


In  the  piojeotion  of  oiystals,  the  eye  is  Bappoeed  to  be  at  an  infinite  distance,  so  that  the 
rays  of  light  fall  from  it  on  the  oiystal  in  parallel  lines.  The  plane  on  which  the  oiystal  is 
projected  is  termed  the  plane  of  projection.  This  plane  may  be  at  right  angles  to  the  ver- 
tical axis,  may  pass  Hirough  the  vertical  axis,  or  may  intersect  it  at  an  ohUque  angle.  These 
different  positions  give  rise,  respectively,  to  the  horizontal,  ybrtical,  and  oblique  pro- 
jeotions.  The  rays  of  light  may  fall  perpendictdarly  on  the  plane  of  projection,  or  may  b^ 
Milady  inclined  to  it ;  in  the  former  case  the  projection  is  termed  oktiiographic,  in  the 
second  Clij^ograpiiic.  In  the  horizontal  position  of  the  plane  of  projection,  the  projection 
is  always  orthographic.  In  the  other  positions,  it  may  be  either  orthographic  or  dinographic. 
It  is  generally  preferable  to  employ  the  vertical  position  and  dinographic  projection,  and  this 
method  is  elucidated  in  the  following  pages. 
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Projbotion  of  the  Axes. 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminaiy  to  the  projeotioii  el  the 
form  of  the  crystal  itself.  The  projection  of  the  axes  in  the  isometric  system,  which  are 
equal  and  intersect  at  right  angles,  is  here  first  given.  The  projection  of  the  axes  in  the  other 
systems,  with  the  exception  of  the  hexagonal,  may  be  obtained  by  varying  the  lengths  of  the 
projected  isometric  axes,  and  also,  when  oblique,  their  inclinationn,  as  shown  beyond. 

leometrie  System, — When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the  sides 
nor  top  of  the  crystal  are  visible,  nor  the  planes  that  may  be 
situated  on  the  intermediate  edges.  On  turning  the  crystal 
a  few  degrees  from  right  to  left,  a  side  lateral  plane  is  brought 
in  view,  and  by  elevating  the  eye  slightly,  the  terminal  plane 
beoomes  apparent.  In  the  following  demonstration,  the 
angle  of  revolution  is  designated  9,  and  the  angle  of  the  ele- 
vation of  the  eye,  c.  Fig.  807  represents  the  normal  position 
of  the  horizontal  axes,  supposing  the  eye  to  be  in  the  direc- 
tion of  the  axis  BB  ;  BB  is  seen  as  a  mere  point,  while  QQ 
appears  of  its  actual  length.  On  revolving  the  whole  through 
a  number  of  degrees  equal  to  BMB'  (5)  the  axes  have  the 
position  exhibited  in  the  dotted  lines.  The  projection  of  the 
semiaxis  MB  is  now  lengthened  to  MN,  and  that  of  the  semi- 
axis  MC  is  shortened  to  MH. 

H  the  eye  be  elevated  (at  any  angle,  e),  the  lines  B'N,  BM, 
and  O'U  will  be  projected  respectively  below  N,  M,  and  H, 
and  the  lengths  of  these  projections  (which  we  may  designate  6'N,  6M,  and  c  H)  will  be  di- 
rectly proportional  to  the  lengths  of  the  lines  B  N,  BM,  and  G'H. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  expressed 
by  a  simple  ratio  between  the  projected  axea     The  ratio  between  the  two  axes,  MN  :  MH, 
as  projected  after  the  revolution,  is  designated  by  1  ir\  and  the  ratio  of  6'N  to  MN  by  1  : 1 
Suppose  r  to  equal  3  and  e  to  equal  2,  then  proceed  as  follows : 
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Dmw  two  lises  AA\  H'H  (f.  808),  inteneotmg  one  another  at  right  angleaL    Make  MH  s 

MH'  =  b.  Divide  HH'  into  3  (r)  parta,  and  throogh  Oic 
points,  N,  N',  thus  determined,  draw  perpendioularB  ca 
HQ'.     On  the  left  hand  vertical,  net  off,  below  H ,  a 

part  H'B,  eqaal  to—b  =  -^  H'M ;  aud from B  draw  R3I, 

and  extend  the  same  to  the  vertical  N'.  B'B  is  the  pru« 
jection  of  the  front  horizontal  axis. 

Draw  BS  parallel  with  MH'  and  connect  6M.  From 
the  point  T  in  which  SM  intersects  BN,  draw  TO  par- 
allel with  MH.  A  line  (CC)  drawn  from  0  through  M, 
and  extended  to  the  left  vertical,  is  the  projection  of  the 
side  horizontal  axis. 

Lay  off  on  the  right  vertical,  a  part  HQ  equal    tc 

^MH,  and  make  MA  =  MA'=  MQ ;  AA'  ia  the  vertical 
o 

axis.    If,  as  here,  r  =  8,  and  «  =  2,  them  9  =  18*  26', 

and  c  =  9"*  28',  for  cot  S  =  r,  and  cot  c  =  r«. 

TetragoncU  and  OrthorJiamHe  Systems. — The  axes  AA\  00',  BB,  constructed  in  the  mannei 

described,  are  equal  and  at  right  angles  to  each  other.     The  projection  of  the  axes  of  a  tetra- 

Sonal  crystal  is  obtained  by  simply  lajring  off,  with  a  scale  of  proportional  parts,  on  MA  and 
[A'  taken  as  units,  the  value  of  the  vertical  axis  (r)  for  the  given  species.     Thus  for  siroon, 
where  c  =  '64,  we  must  lay  off  *64  of  MA  above  M  and  the  same  lengrth  below. 

For  an  orthorhombic  crystal,  where  the  three  axes  are  unequal,  the  length  of  i  most  as 
before  be  laid  off  above  and  below  from  M,  and  that  of  6  to  the  right  and  left  of  M,  on  OC  , 
MO  being  taken  as  the  unit     It  is  usual  to  make  the  front  axis  MB  =:  a  =  1. 
ManoeUnie  System, — The  axes  6  and  d  in  the  monoclinic  system  are  inclined  tr>  one  another 

at  an  obliqe  angle  =  )9.  To  project  this  inclination,  and 
thus  adapt  the  isometric  axes  to  a  monoclinic  form,  lay 
off  (f .  809)  on  the  axis  MA,  Ma  =  MA  cos  /3,  and  on  the 
axis  BB'  ^before  or  behind  M,  according  as  the  inclination 
of  d  on  c,  in  front,  is  acute  or  obtuse)  HLb  =  MB  x  sin  /S. 
From  the  points  b  and  a,  draw  lines  parallel  respectively 
with  the  axes  AA'  and  BB',  and  from  their  intersection 
D',  draw  through  M,  D'D,  making  MD  =  MD'.  The  line 
DD'  is  the  dinocliagonal,  and  the  lines  AA,  0  0,  HD'  re- 
present the  axes  in  a  monoclinic  solid  in  which  a  =  b  =  c 
=  1.  The  points  a  and  b  and  the  position  of  the  axis 
DD'  will  vary  with  the  angle  /9.  The  relative  values  of 
the  axes  may  be  given  them  as  above  explained ;  that  ia, 
if  d  =  1,  lay  off  in  the  direction  of  MA  and  MA'  a  line 
equal  to  d,  and  in  the  direction  of  MO  and  MO'  a  line 
equal  to  5,  etc, 

TrieUnio  System, — The  vertical  sections  through  the 
horisontal  axes  in  the  tridinic  system  are  obliquely  in- 
clined ;  also  the  inclination  of  the  axis  a  to  each  axis  b 
ftnd  0,  ia  oblique.     In  the  adaptation  of  the  isometric  axes  to  the  triclinic  forms,  it  is  there- 
fore necessary,  in  the  first  place,  to  give  the  requifdte 
obliquity  to  the  mutual  inclination  of  the  vertical  sec- 
tions, and  afterwards  to  adapt  the  horizontal  axes.     The 
inclination  of  these  sections  we  may  designate  A,  and  a& 
heretofore,  the  angle  between  a  and  6,  7,  and  a  and  c,  fi, 
BB'  is  the  analogue  of  the  brachydi  l^nal,  and  00  of  the 
macrodiagonoL     An  oblique  iuclinaiion  may  be  given  the 
vertical  sections,  by  varying  the  position  of  either  of 
these  fectioDS.     Permitting  the  brachydiagonal  section 
ABA  B'  to  remain  unaltered,  we  may  vary  Uie  other  sec- 
tion as  follows : 

Lay  off  (f.  810)  on  MB,  Nib'=  MB  x  cos  A,  and  on  the 
axis  0  0  (to  the  right  or  left  of  M,  according  ob  the 
acute  angle  A  is  to  the  right  or  left),  M0  =  MO  x  sin  A ; 
completing  the  parallelogram  Mb'  De,  and  drawing  the 
diagonal  MD,  extending  the  same  to  D'  so  as  to  make 
MD  .—  MD,  we  obtain  the  line  DD' ,  the  vertical  Bf»cti<» 
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pooAiijf  through  this  line  ia  the  correct  macrodiagonal  section.  The  inclination  of  a  to  bh« 
new  macrodiagonal  DD'  is  still  a  right  angle  ;  as  also  the  inclination  of  a  to  by  their  oblique 
inclinations  may  be  given  them  as  follows :  Lay  off  on  MA  (f.  810),  Ma  =  MA  x  cos  /9,  and 
on  the  axis  BB'  (brachydiagonal),  M6  =  MB'  x  sin  /9.  By  completing  the  parallelogram  Ma. 
E'd,  the  point  £'  is  determined.  Make  ME  =  ME ;  EE  is  the  projected  brachydiagonal. 
Again  lay  off  on  MA,  Ma'=  MA  x  cos  a.  and  on  MD\  to  the  left,  "Mid  =.  MD'  x  sin  a.  Dra^ 
lines  from  a'  and  d  parallel  to  MD  and  MA ;  F\  the  intersection  of  these  lines,  is  one  extremity 
of  the  mscrodiagonal ;  and  the  line  FF\  in  which  MF  =  MF\  is  the  macrodiogonal.  The 
vertical  as  is  AA'  and  the  horisontal  axes  EE'  (brachydiogonal)  and  FF'  (macrodiagonal)  thus 
obtained,  are  the  axes  in  a  triclinic  form,  in  which  a  =  b  =  c=l.  Different  values  may  be 
given  these  axes,  according  to  the  method  heretofore  illustrated. 

Hexagonal  System. — In  this  system  there  are  three  equal  horizontal  axes,  at  right  angles  to 
the  vertical  axis.  The  normal  position  of  the  horizontal 
axes  is  represented  in  f.  811.  The  eye,  placed  in  the 
line  of  the  axis  YY,  observes  two  of  tiiie  semiaxes,  MZ 
and  MU,  projected  in  the  same  straight  line,  while  the 
third,  MY,  appears  a  mere  point.  To  give  tho  axes  a 
more  eligible  position  for  a  representation  of  the  various 
planes  on  the  solid,  we  revolve  them  from  right  to  left 
through  a  certain  number  of  degrees  9,  and  elevate  the 
eye  at  an  angle  €.  The  dotted  lines  in  the  figure  repre- 
sent the  axes  in  their  new  situation,  resulting  from  a 
revolution  through  a  number  of  degrees  equal  to  5  = 
YMY'.  In  this  position  the  axis  MY  is  projected  upon 
MP,  MU'  upon  MN,  and  MZ  on  MH.  Desguating  the 
intermediate  axis  I,  that  to  the  right  II,  that  to  the  left 
III,  if  the  revolution  is  snoh  as  to  give  the  projections 
of  I  and  II  the  ratio  of  1  :  2,  the  relations  of  the  three 
projeotioiis  will  be  as  follows :  I :  II :  III  =  1  :  2  :  3. 

Let  us  take  r  (=  PM  :  HM)  equal  to  3,  and  s  (=  b'F  : 
PM)  equal  to  2,  these  being  the  most  convenient  ratios  for 

representing  the  hexagonal  crystalline  forms.     The  following  will  be  the  mode  of  construo 
tion: 

t.  Draw  the  lines  AA,  HH  (f.  813)  at  right  angles  with,  and  bisecting,  each  other.  Let 
HM  =  J,  or  HH  r=  2b  Divide  HH  into  six  parts  by  vertical  lines.  These  lines,  including 
the  left-  and  right-hand  verticals,  may  be  numbered  from  one  to  six,  as  in  the  figure.  In  the 
first  vertical,  below  H,  lay  off  HS  =  -|&,  and  from  S  draw  a  line  through  M  to  the  fourth 
vertical.     YY'  is  the  projection  of  the  axis  I. 

2.  From  Y  draw  a  line  to  the  sixth  vertical  and  parallel  with  HH.    From  T,  the  extremity 
of  thin  line,  draw  a  line  to  N  in  the  second  vertical. 
Then  from  the  point  U,  in  which  TN  intersects  the 
fifth  vertical,  draw  a  liiie  through  M  to  the  second 
vertical ;  UU'  is  the  projection  of  the  axis  II. 

8.  From  R,  where  TN  intersects  the  third  verti- 
cal, draw  RZ  to  the  first  vertical  parallel  with  HH. 
Then  from  Z  draw  a  line  through  M  to  the  sixth 
vertical :  this  line  ZZ'  is  the  projection  of  the  axis 
III, 

4.  For  the  vertical  axis,  lay  off  from  N  on  the  sec- 
ond vertical  (f.  812)  a  line  of  any  length,  and  con- 
struct upon  this  line  an  equilateral  triangle  ;  one  side 
(NQ)  of  this  triangle  will  intersect  the  first  vertical 
at  a  distance,  HV,  from  H,  corresponding  to  Z  H  in 
1811;  for  in  the  triangle  NHV,  the  angle  HNV  is 
an  angle  of  80%  and  HN  =r  ^MH.  MY  is  therefore 
the  radius  of  the  circle  (f.  811).    Make  therefore 

MA  =  MA'=  MY ;  AA'  is  the  vertical  axis,  and  YY',  ^ 

UU',  ZZ'  are  the  projected  horizontal  axes. 

The  vertical  axis  has  been  constructed  equal  to  the  horizontal  axes.  Its  actiud  length  la 
different  hexagonal  or  rhombohedral  forms  may  be  laid  off  according  to  the  method  sufficiently 
explained. 

The  projection  of  the  isometrio  and  hexagonal  axee,  having  been  once  aecuratelp  made,  and 
that  on  a  conveniently  large  scale,  may  be  kept  on  a  piece  of  cardboard,  and  will  then  answei 
all  sabeequent  requirements.  Whenever  needed  for  use,  these  axes  may  be  truust'erred  to  • 
iheet  of  paper,  and  then  adapted  in  length,  or  inclination,  or  both,  to  the  case  in  hand. 
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PBOJEGTION  of  TtIB  FORM8  OF  OBTBTALt. 

.  dknpU  fcmu, — ^When  tiie  aadal  oroes  has  been  oonstmoted  for  the  given  spedee,  the  nnit 

ootahedron  is  obtained  at  onoe  bj  joining  the 
extremities  of  the  axes,  AA\  BB\  OG',  as  in 
f.  613.  Here  as  in  all  cases  the  lines  which 
fall  in  front  are  drawn  strongly,  while  those 
behind  are  simply  dotted. 

For  the  diametral  prisTJU  draw  through  B, 
B',  0,  C,  of  the  projected  axes  of  any  species, 
lines  parallel  to  the  axes  BB',  GC,  until  they 
meet;  they  make  the  parallcJog^m,  abed, 
which  is  a  transverse  section  of  the  priam,  par- 
allel to  the  base.  Through  a,  6,  e,  d  draw 
lines  parallel  and  equal  to  the  vertical  axis, 
making  the  parts  above  and  below  these  points 
equal  bo  the  vertical  semiaxis.  Then,  connect 
the  extremities  of  these  lines  by  lines  parallel 
to  aJby  to,  edf  da,  and  the  figure  will  be  that  of 
the  diametral  prism,  corresponding  to  the  axes 
projected. 
In  the  case  of  the  isometric  system  this  dia- 
metral prism  Is  the  cube,  whose  faces  are  represented  by  the  letter  H;  in  the  tetragonal 
qrstem  it  is  the  prism  0,  i-i ;  in  the  orthorhombic,  the  prism  0,  i-l,  i-i ;  in  the  monodinic,  the 
prism  0,  i-u  i-i ;  in  the  tricunic,  0,  i-i,  i-{. 

The  unit  verttcai  prism  in  the  tetragonal,  orthorhombic,  and  dinometnc  systems  may  be 
projected  by  drawing  lines  parallel  to  the  vertical  axis  AA'  through  B,  C,  B',  C',  miJdng  the 
parts  above  and  below  these  points  equal  to  the  vertical  semiaxis ;  and  then  connecting  the 
extremities  of  these  lines  by  lines  parallel  to  BO,  GB',  B'G ,  G'B.  The  plane  BGB  O'  is  a 
transverse  section  of  such  a  prism  parallel  to  its  base.  It  is  the  prism  0,  /,  in  each  of  the 
i^stems  excepting  the  tridinic,  and  in  that  0,  /,  /' ;  a  $guare  prism  in  the  tetrago  jal  system ; 
a  right  rhombie  in  the  orthorhombic;  an  obUque  rfumbic  in  the  monodinic ;  an  oblique  rhom- 
boidal  in  the  tridinio. 

Other  simple  forms  under  the  different  systems  are  constructed  in  essentially  the  same  way. 
It  is  only  necessary  to  lay  down  upon  the  axes  each  plane  of  the  form,  in  lightly  diawn  lines, 
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note  the  jKyints  where  it  interseoti  the  adjoining  planes,  and  draw  these  in  more  strongly. 
When  the  process  is  complete  the  construction  lines  maybe  erased.  The  process  will  be 
flluntrated  by  f .  814  and  f .  810.  In  the  former  case  it  is  required  to  draw  the  trigonal  trisop 
tahedron,  whose  qrmbol  is  % 
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In  f .  814  the  ihTee  planes  of  the  first  octant  are  represented,  they  are2:l:l, 1:3:1, 
aiid  1  :  1  :  2.  It  will  be  seen  here,  what  is  always  true,  that  the  two  points  of  intersection 
required  to  determine  the  line  of  intersection,  Ue  in  the  axial pianes.  These  lines  of  interseo- 
tioii  are  represened  by  the  dotted  lines  in  f.  814.  If  the  same  process  be  performed  for  the 
other  octants,  the  complete  form,  as  in  f .  816,  will  be  obtained. 

SimUarly  in  f.  8!  5.  the  octagonal  pyramid  1-2  is  constructed ;  the  figure  shows  the  planet 
of  one  octant  only,  c  :  2a  i  a,  and  6  :  a  :  2/z,  and  the  dotted  line  gives  their  liqe  of  intersec- 
tion. Garry  out  the  same  plane  of  construction  in  the  other  octants,  and  the  form  of  f.  817 
will  result 

The  construction  of  the  Tarioos  crystalline  forms,  by  this  method,  especially  those  of  the 
isometric  system,  will  be  found  an  interesting  and  instructive  process,  and  will  lead  to  a  clear 
understanding  of  the  forms  themselves  and  their  relations  to  each  other.  Another  and  quicker, 
though  more  mechanical  method  of  constructing  the  isometric  forms  may  also  be  given. 

Prqjectum  of  Simple  iHometrio  Forme. — This  method  depends  upon  the  principle  that  in  the 
different  isometric  forms  the  vertices  of  the  solid  angles  are  occupied  by  one  or  more  of  the 
interaxes  (p.  10).  If,  therefore,  these  pointa  (the  extremities  of  the  interaxes),  can  be  deter- 
mined in  the  several  crystalline  forms,  it  is  only  necessary  to  connect  them  in  order  to  obtain 
the  projection  of  the  solid  itself. 

As  a  preparation  for  the  construction  of  figures  of  isometric  crystals,  it  is  desirable  to  have 
at  hand  the  figure  of  a  cube  projected  on  a  large  scale,  with  its  axes,  and  its  trigonal  (octahe- 
dral), and  rhombic  (dodecahedral)  interaxes. 

The  values  of  the  interaxes  t  and  r,  for  a  given  form,  are  obtained  by  adding  to  their  nor- 
mal leng^  the  values  of  t'  and  r'  respectively  given  by  the  following  equations ;  tliose  of  the 
ootahe<kon  being  taken  as  a  unit : 

__  2mn  ~  (m  +  w)  ,  __  n  —  1 

""    mn  -h  (w  4-  »)  '         *"  » -f- 1 ' 

The  proportion  to  be  added  to  the  interaxes  for  some  of  the  common  forms  is  as  follows; 

«  r  t  r 

2  i  0  t-2  1  i 

»  i  0  iS  i  i 

8-1  i  i  2-2  i  i 

4-2  ♦  i  8-8  i  i 

To  construct  the  form  4-2,  the  octahedron  is  first  to  be  projected,  and  its  axes  and  inter- 
axes drawn.  Then  add  to  each  half  of  each  trigonal  interaxis,  five-sevenths  of  its  length ;. 
and  to  each  half  of  each  rhombic  interaxis,  one-tMrd  of  its  length.  The  extremities  of  the 
lines  thus  extended  are  situated  in  the  vertices  of  the  solid  angles  of  the  hexoctahedron  4-2, 
and  by  connecting  them,  the  projection  of  this  form  is  completed. 

In  the  indined  hemihedral  isomecric  forms  (p.  20),  the  rhombic  interaxes  do  not  terminate 
In  the  vertices  of  the  solid  angles,  and  may  therefore  be  thrown  out  of  view  in  the  projection 
of  these  solids.  The  two  halves  of  each  trigonal  interaxis  terminate  in  the  vertices  of  dis- 
similar angles,  and  are  of  unequal  lengths.  One  is  identical  with  the  corresponding  interaxis 
in  the  holohedral  forms,  aud  is  called  the  holohedral  portion  of  the  interaxis ;  the  other  is  the 
hemihedral  portion.  The  length  of  the  latter  may  be  determined  by  adding  to  the  half  of 
the  octahedral  interaxis  that  portion  of  the  same  indicated  in  the  formula : 

2mn  —  (m  —  n) 

mn  -H  (m  —  n)  * 

If  the  different  halves  of  the  trigonal  interaxes  be  assumed  at  one  time,  as  the  holohedral, 

and  again  as  the  hemihedral  portion,  the  reverse  forms  -x—  &nd  —      "     may  be  projected. 

2  2 

The  following  table  contains  the  values  cf  the  above  fraction  for  several  of  the  inclined 

hemihedral  forms,  and  also  the  corresponding  values  for  the  holohedral  portion  of  the  inter 


ftxis: 


Hoi.  Interax.    Hem.  Intenuc  HoL  Interax.    Hem.  inteno, 

^-^  (t  7»,  p.  20)       0  3       •      ~^-{tm  i  1 

^—^itSl)  *  8  <-^(f.87)  ♦  i 
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nie  fiaraUd  lienvihtdnmi  (for  examTile,  the  pentagonal  dodeoahedron,  or  heiDi-tetrahexaJi«- 
dttm)  oODlsin  a  lolid  ao^le,  dtnated  in  a  line  between  the  extremities  at  each  pair  of  semiaiea, 
which  is  called  an  vTUyntmetrieal  solid  angle.  The  vertices  of  theae  angles  ara  at  nneqaal 
distances  from  the  two  adjacent  axes,  and  therefore  are  not  in  the  line  of  the  rhombic  intex- 
axes.     Tlie  co-ordinates  of  this  solid  angle  for  any  form,  as     „-  ,  ma^  be  found  hj  the  for- 

mnlas  — rp  and  — --.     By  means  of  these  formulas,  the  sitnation  of  two  points  « 

and  b  (f,  81H),  in  each  of  the  axes  maj  be  determined  :  and  if  lineK  ore  drawn  throngh  a  and 
6  ineaoh  Bemiaxis  paraUel  to  the  other  axea,  the  inteiseo''  -      -  '■        -  - 

vertices  of  the  onqnuroetrical  solid  angles,  tboee  marked  e  of  the  f  ona  - 


tbm  trigonal  int«raxe8  ate  e^  the  same  length  at  in  the  bolohedral  forms.  The  Talnea  el 
tbOM  mteraxes,  and  of  the  codrdinatee  of  the  unsymmetrical  solid  si^le  for  different  parallel 
bemihedrons,  are  oontaioed  in  the  following  table  : 


OoAid.  of  tb* 


I  of  a  lOion^ohedron.  — To  cottstmct  a  rhombohedron,  lay  off  verticals  thtOQgb  the 
•Xtremities  of  the  horizontal  axes,  and  make  the  parts  both  above  and  below  these  extremitiea 
eqaal  to  the  third  of  the  vertical  semiaxiH  (f.  81fl).  The  points  E,  E,  E'.  B  ,  etc.  ar«  thni 
determined  ;  and  if  the  extremities  of  the  vertical  axis  be  connected  with  the  poiate  E  or  E . 
rhomhohedrons  in  different  positions,  mR,  or  — mR,  will  be  constracted. 

SealenohedroiL—Tbe  scolenohedron  m'  admits  of  a  rimilar  constmction  with  the  rhombobe 
dron  mS.  The  only  variation  required,  is  to  multiply  the  Terticttl  axis  by  the  nnmber  of 
nuita  in  n,  after  the  points  E  and  E  in  the  rbombohedron  mB  have  been  determined  ;  then 
connect  the  points  E,  or  the  points  E',  with  one  another  and  with  the  extremities  of  the  ver- 
tioalaxia. 

2.  Complex  formt. — When  it  is  required  to  figure  not  only  the  planes  of  one  form,  that 
is,  those  embraced  in  one  ^'mbol,  bnt  also  those  of  a  nnmber  modifying  one  another,  a  some* 
what  different  process  is  found  desirable.  It  ia  possible  indeed  to  construct  a  complex  fom 
in  the  way  mentioned  on  p.  466,  each  plane  being  laid  off  on  the  given  axes,  and  its  interaeo- 
ticn-edges  with  adjoining  planes  de(«rmiDed  by  two  points,  always  in  the  niial  nections,  whidi 
it  has  in  common  with  each.  In  this  way,  however,  the  Sgnrc  will  soon  become  so  complai 
as  to  be  extremely  perplexing,  and  thus  lead  to  error  and  consequent  loss  of  time. 

This  difficulty  is  in  part  avoided  by  the  use  of  one  projection  of  the  axes  en  a  larger  scale, 
np<Ki  which  the  diroctiona  of  the  intersection-lines  are  determined,  while  a  seoond  miallermie, 
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plaoed  below  and  parallel  to  it  on  the  same  sheet  of  paper,  is  nsed  for  the  aotnal  drawing  of 
the  crystal.  In  most  oases,  however,  the  crystal  may  be  drawn  as  conveniently  without  the 
use  of  the  second  set  of  axes.  The  size  of  the  figure  may  be  either  that  which  is  to  be  finally 
required,  or,  more  advantageously,  it  maybe  drawn  two  or  three  times  laiger  and  then  rednced 
by  photography.  This  method  is  especially  to  be  recommended  when  the  figures  are  finally 
to  be  engraved  on  wood,  since  from  the  enlarged  drawing  they  may  be  photogiapbed  directJj 
upon  the  wood  of  any  required  size,  and  thus  a  very  high  degree  of  accuracy  attained. 

ApfiUcalion  of  Quenstedfs  Prqjeotion^  —  The  process  of  determining  the  direction  of  the 
intersection-edges  is  much  simplified  if  the  principles  of  Quenstedt^s  Projection  (p.  55)  ui*e 
made  use  of.  In  other  words,  the  symbol  of  every  plane  is  so  transformed  that  for  it  th  -" 
length  of  the  verticid  axis  is  unity.  This  extremity  of  the  vertical  axis  is  then  one  point  of 
int&rseotion  for  all  planes  whatsoever,  and  the  second  point  will  always  lie  in  the  horizontal 
plane,  that  of  the  lateral  axes.  The  change  in  the  sjrmbol  requires  nothing  but  that  the 
symbol,  expressed  in  full,  should  be  divided  by  the  coeflSicient  of  the  vertical  axis.  The  direc- 
tion of  each  intersection-edge,  when  dcitermined,  is  transferred  to  the  figure  in  process  of 
construction  by  means  of  a  small  triangle  sliding  against  a  ruler  some  8  inches  in  length,  li 
will  be  found  in  practice  that,  especially  when  this  method  ia  employed,  it  is  not  necessary 
to  actually  draw  all  the  lines  representing  each  plane,  but  to  note  simply  the  required  points 
of  intersection.  This  method  and  its  advantages  (see  Klein,  Einleitung  in  die  Krystallberech- 
nung,  II.,  p.  887)  will  be  made  clear  by  an  example. 

It  is  required  to  project  a  crystal  of  andalusite  of  prismatic  habit,  showing  also  the  planes 
t-:,  a,  1*,  1,2-2,  1-i,  and  0. 

It  is  evident  that  an  inde£nite  number  of  figures  may  be  made,  including  the  planes  men- 
tioned, and  yet  of  very  different  appearance  according  to  the  relative  size  of  each.  It  is 
usually  desirable,  however,  to  represent  the  actual  appearance  of  the  crystal  in  nature,  only 
in  ideal  symmetry,  hence  it  is  very  important  in  all  cases  to  have  a  sketch  of  the  crystal  to 
be  represented,  showing  the  relative  development  of  the  different  planes.  If  this  sketch  is 
made  with  a  little  care,  so  as  to  show  also  the  parallelism  of  the  intersection-edges  in  the 
occurring  zones,  it  will  give  material  aid.  The  zones,  it  is  to  be  noted,  are  a  great  help  in 
drawing  figures  of  crystals,  and  they  should  be  carefully  studied,  since  the  common  direction 
of  the  intexaeotion-edge  once  determined  for  any  two  planes  in  it»  will  answer  for  all  others. 


The  first  step  is  to  take  the  projection  of  the  Isometric  axes  already  made  once  for  all  on 
ft  conveniently  large  scale,  and  which,  as  before  suggested,  is  kept  on  a  card  of  large  size, 
and  ready  to  be  pierced  through  on  to  the  P^per  employed.  These  axes,  now  of  equal  length, 
must  be  adapted  to  the  species  in  hand.  For  andalusite  the  axial  ratio  is  r  :  6  :  T  =  0*712  : 
1*014  : 1 ;  hence  the  vertical  axis  c  must  have  a  length  *71  of  what  it  now  has,  and  the  lateral 
axis  one  1' 01 ;  these  required  lengths  are  determined  in  a  moment  with  a  scale  of  equal  parts 

The  next  step  is  to  draw  the  predominating  form,  the  prism  I,  Obviously  its  intersection* 
edges  are  parallel  to  the  vertical  axis,  and  its  basal  edges,  intersecting  0,  are  parallel  to  ps^ 
tq  in  the  projection  (f .  820).  The  planes  (-1,  and  t'-  2  are  now  to  be  added,  whose  intersections 
with  each  other  and  with  1  are  parallel  to  c.  The  position  of  one  edge,  //»-2,  having  been 
tiJLen,  l^t  of  the  other  on  the  other  side  is  determined  by  the  point  where  a  line  parallel  to 
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the  uh  i  meeti  the  bssal  edg»  of  the  prbm.     Simllorl;  tlie  position  of  the  iame  priflniaUc 
edges  behind  are  given  bj  the  intersection  of  lines  from  front  to  roar  parallel  to  the  axis  '1. 

The  prlemB  drawn,  it  remuna  to  add  the  terminal  planes,  and  as  they  thuB  m'xlif;  one  an- 
DtbeifB  poaition,  the;  are  drawn  together.  The  required  interBevtii  id -lines  are  eaKil;  obtained. 
The  tnacrodoma  1-i  is  the  plane  paseiDg'  through  the  point  e  and  interBeoting  the  borizontaJ 
p\ane  in  the  line  paq ;  this  line  is  obrionsl;  the  direction  of  its  inteit«ction-edge  with  I'-i  and 
with  0.  Tbe  prism  i-2  appears  (f.  820)  as  the  two  lines  mm',  iin  ;  the  line  ">n>  produced 
beyond  m  meats  pig  at  z,  this  will  be  one  common  point  for  the  two  planes  1  -i  and  t'-i ;  the 
second  common  point  is,  as  always,  the  point  e,  hence  the  line  joining  these  two  points,  trans- 
ferred to  the  crystal  in  the  way  daacribed.  gives  the  required  intersection -edge  for  i-2  and  1-i. 
Similarly  for  i-H  on  the  right,  the  two  points  of  intersection  are  e.  and  the  point  where  n'n 
and  gap,  produced,  meet,  and  this  gives  the  second  intarseotion-edge.  The  planes  1-t  at!!]  1 
(right)  meet  nt  d  and  « ;  hence  the  line  ed  gives  the  direction  of  their  in'ersection-edge,  whiol 
is  also  tbe  direction  of  that  of  1-i  and  1  (left),  and  of  1  and  3-3,  right  and  left  on  both  sides. 
Btill  again,  the  plane  3-3  has  the  fall  symbol  2',  ;  b  :  21.  or  c  ;  il  :  d  ;  and  heuoe  intersects  tfaa 
horizontal  plane  (f.  820)  in  the  lines  ai  (right),  at  (left),  and  'I'g,  a'p  (behind).  Hence  the 
Intersection-edge  of  1,.2-i,  1-1  has  the  direction  of  the  line  joining  the  points  c  and  «  (right), 
ftnd  similarly  to  the  left  and  behind.  The  intersection -e^  of  2-3  front,  and  2-3  behind,  has 
the  direction  of  the  line  joining  tbe  points  e  and  x  |right)  and  c  and  y  (left). 

The  method  of  obtaining  the  intersection -edges  of  tbe  planes  will  be  clear  from  this  ex- 
ample.    Plaotical  faollity  in  drawing  figures  by  this  or  aoj  other 
ggj  method  is  only  to  be  obtained  by  practice. 

It  will  be  tonud  that  at  almost  ever}~step  them  is  an  opportunity 
to  test  the  aooaracy  of  the  work — thus  every  point  of  intersection 
on  the  basal  plane  behind  must  lie  on  a  line  drawn  from  tbe  cor- 
responding point  in  front  on  the  basal  plane,  in  the  direction  of  tb« 
axis  u;  so,  too,  the  point  of  intcrsectiou  of  2-3  and  /  (front),  2-i 
and  I  (behind),  on  one  side,  must  be  in  the  line  of  the  horizontal 
axis  (i)  with  that  on  the  otJier  aide,  and  similarly  in  other  cases. 

If  it  were  required,  as  is  geuerolly  neceHsary.  to  complete  tha 
form  (f.  821)  below,  it  is  nnnecessar?  to  obtain  any  new  inccrfec- 
tion  lines,  idnoe  every  line  above  has  its  corresponding  line  oppo- 
Nte  and  parallel  to  it  below.  Moreover,  in  an  ortborbombio  crys- 
tal every  point  above  biu  a  corresponding  point  below  on  a  line 
paraUel  to  the  vertical  axis.  This,  hb  above,  will  serve  as  a  control 
of  the  accural^  of  the  work. 

There  (g  another  method  of  drawing  complex  crystalline  forms 

which  has  many  advantages  and  is  sometimes  to  be  preferred  to 

any  other;  it  can  be  explained  in  a  very  few  words.     After  tha 

axes  have  been  obtained  the  diametral  prism  is  oonstruoted  upon  them.     Upon  tbe  solid 

angles  of  this  each  plane  of  the  required  form  is  laid  off,  the  edges  being  taken  instead  of  Uit 


axes.  Suppose  that  f.  822  represents  the  diametral  prism  o(  an  ortborbombio  orjHtal.  Here 
obvionsly  the  edge  «  =  2c,»  =  2l,  i  =  21.  The  plane  I  (t :  i- :  u)  may  be  Liid  oH  on  it  by 
taking  bom  tbs  angle  a  equal  portions  of  tiie  edges  «,  i,  i,  tor  instance,  oonvenieutly  «m 
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half  of  each,  heaoe  the  plane  appeazB  as  mn^.  Again  the  plane2(26  : 1 :  d)  la  laid  off  by  taking 
the  unit  lengtha  of  the  edges  i  (5),  and  i  [d)  and  twioe  the  unit  length  of  e  (6\  the  plane  ia 
then  fillip.  Again,  the  plane  4-2  (4c  :  6  :  2i)  takes  the  position  npby  since  ap  =  2c,  ap  •=  \h^ 
and  an  =  d^  the  ratio  of  the  edges  (axes)  being  the  same  as  in  the  symbol  So  also  the  plane 
2-2  (2<^ :  2$  :  d)  has  the  position  rmo,  since  ao  =  c^  <tm  =  5,  and  ar  =  ii,  here,  too,  the 
ratio  of  the  axes  being  preseived.  By  plotting  the  saooessiye  planes  of  the  crystal  in  tbi^. 
way,  each  solid  angle  corresponding  to  an  octant,  the  direction  of  the  intersection -edgen 
for  the  given  form  are  at  once  obtained.  For  example,  the  intersection-edge  for  1 ,  and  the  basal 
plane,  as  also  for  1  and  2,  it  is  the  line  mn ;  for  1  and  4-2  it  is  the  dotted  line  joining  the  oommon 
points  N  and  a ;  for  1  and  2-f>  it  is  the  line  mo;  for  2  and  4-S,  also  for 2  and  2-2,  it  is  the  line 
Joining  the  common  points  /3a. 

The  direction  of  the  required  intersection-edges  being  obtained  in  this  way,  they  are  nsed 
to  oonstmct  the  crystal  itself,  being  transferred  to  it  in  the  osnal  way.  In  f.  828  they  have 
been  placed  upon  the  diametral  prism,  and  when  this  process  has  been  completed  for  the 
other  angles,  and,  too,  the  domes  ^',  i\  are  added,  the  form  in  1  824  results. 


On  the  Dbawino  of  Twm  Gbt8Tai.& 

In  order  to  project  a  compound  or  twinned  crystal  it  is  generally  necessary  to  obtain  first 
the  axes  of  the  second  individual,  or  semi- individual,  in  the  position  in  which  they  are  brought 
by  the  revolution  of  180''.  This  is  accomplished  in  the  following  manner.  In  f .  825  a  com- 
pound crystal  of  staurolite  is  represented.  In  which  twinning  has  taken  place  (1)  on  an  axis 

normal  to  }-l,  and  (2)  on  an  axis  normal  to  |-1.  The  second,  being  the  more  general  cose,  is 
of  the  greater  importance  for  the  sake  of  example.  In  f.  825,  ec',  bh\  aa'  represent  the  rect- 
n^n^lar  axes  of  staurolite  (c  =  1  -441,  l  =  2112,  <2  =  1).    The  twinning-plane  }-|  Oei^li  fz) 

825 


has  the  position  MNR.  It  is  first  necessary  to  construct  a  normal  from  the  centre  0  to  thii 
plane.  If  perpendiculars  be  drawn  from  the  centre  O  to  the  lines  MN,  NE,  MB,  they  will  meet 
them  at  the  points  z,  y,  2,  dividing  each  line  into  segments  proportional  to  the  squares  of  tJie 

adjacent  axes  ;*  or  NiC  :  Wo  =  ON* :  OM*.     In  this  way  the  points  «,  y, «  are  fixed,  and  linei 

*  This  is  true  since  the  axial  angles  are  right  angles.  In  the  Monoclinic  System  two  ol 
the  axial  intersections  are  perpendicular,  and  they  are  sufficient  to  allow  of  the  determina- 
tion  of  the  point  T,  aa  above.    In  the  Tridinic  System  the  method  needs  to  be  slightly 
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drawn  from  anytwo  of  them  to  the  opposite  angles  R,  K,  or  M  will  fix  the  point  T.  A  line 
joining  T  and  O  is  normal  to  the  plane  (MNB  =  f-f).  Furthermore,  it  is  obvious  that  if  a 
revolution  of  IdO""  about  TO  take  place,  that  eveiy  point  in  the  plane  MNB  will  remain 
equaJlj  distant  from  T.  Thus,  the  point  M  will  take  the  place  fi(M.T  =  T)u),  the  point  b'  the 
place  fi^  (NT  —Tfi'),  and  so  on.      The  lines  joining  these  poiots  /i,  fi',  x,  and  the  common 

centre  O  will  be  the  new  axes  corre8ponding_  to  MO,  NO,  RO.  In  order 
to  obtain  the  unit  axes  corresponding  to  c^h,  a  it  is  meielj  necessary  to 
draw  through  c  a  line  parallel  to  MT)u,  meeting  fiO  at  7,  then  7O7'  is  the 
new  vertical  axis  corresponding  to  eOc\  also  fiO$'  corresponds  to  bOb\ 
and  aOa'  corresponds  to  aOa'.  These  three  axes  then  are  the  axes  for 
the  second  individual  in  its  twinned  position ;  upon  thera,  in  the  usual  way, 
the  new  figure  maj  be  constructed  and  then  transferred  to  its  proper 
position  with  reference  to  the  normal  ciystal. 

For  the  second  method  of  twinning,  when  the  axis  is  normal  to  f-i,  the 
construction  is  more  simple.  It  is  obvious  the  axis  is  the  line  O2;,  and 
using  this,  as  before,  the  new  axes  are  found :  kOk  corresponds  to  dOe' 
(sensibly  coinciding  with  bb')^  since  0  A  f-i  =  134°  21',  and  so  on. 

In  many  cases  the  simplest  method  is  to  construct  first  the  normal 
crystal,  then  draw  through  its  centre  the  twinning-plane  and  the  axis  of 
revolution,  and  determine  the  augular  points  of  bhe  reversed  crystal  in 
the  principle  alluded  to  above:  that  by  the  revolution  evezy  point 
remains  at  the  same  distance  from  the  axis,  measured  in  a  plane  at  right 
angle  to  the  axis. 

Thus  in  f.  827  when  the  scalenohedron  has  been  drawn,  since  the  twinning-plane  is  the 
basal  plane,  each  angular  point,  by  the  revolution  of  180°,  obtains  a  position  equidistant  from 
this  plane  and  directly  below  it  In  this  way  each  angnlar  point  is  determined,  and  the 
pound  oxystal  is  oompleted  in  a  momenta 
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CATALOGUE  OP  AMERICAN  LOCALITIES  OF  MINERALS. 

The  following  catalograe  *  may  aid  the  mineralogical  tourist  in  selecting  his  routes  and 
arranging  the  plan  of  his  journeys.  Only  important  localities,  which  have  afforded  cabinet 
specimens,  are  in  general  included ;  and  the  jiames  of  those  minerala  which  have  been 
obtained  in  good  specimens  are  distinguished  by  italics,  the  addition  of  an  exclamation 
mark  (I),  or  of  two  (!I).  indicates  the  deeree  of  excellence  of  the  specimens.  Many  of  the 
localities  mentioned  have  been  exhausted,  others  will  now  yield  good  specimens  only  when 
further  explored  with  blasting,  etc.  In  general,  only  those  of  the  localities  mentioned  can 
be  relied  upon  as  likely  to  reward  the  visitor  liberally  where  active  work  is  being  continually 
carried  on. 

AisBAiTT.—Berffl  /  green  and  black  tourmaline,  fddtfpofry  rose  guarU^  nitile. 

Aboostook. — ^Bed  hematite. 

AUBUBN.— Z€7?uioft'to,  amUygoniUe  (hebrowUe)^  green  tourmaUne. 

Bath.— Vesuvianite,  garnet,  magnetite^  graphite. 

Bethel. — Cinnamon  garnet^  oaloite,  sphene,  beiyl,  pyroxene,  hornblende,  epidote, 
graphite,  talc,  pyrite,  azsenopyrite,  magnetite,  wad. 

BiNOHAM. — Massive  pyrite,  galenite,  blende,  andalnsite. 

Blue  Hill  Bat. — Arsenieal  iron^  molybdenite!  galenite,  apatite  I  fluorite!  black  tonrma* 
line  (Long  Gove),  black  oxide  of  manganese  (Osgood's  farm),  rhodonite,  bog  manganese, 
wolframite. 

Bo WDOiN .  — Boh  quartz, 

BowDoiNHAM. — Beryl,  molybdenite. 

BRU19SWICK. — Oreenmioa,  gwmet!  black  tourmaUne/  molybdenite,  epidote,  ealeite,  mu$ 
eovite,  fddspar,  beiyl. 

BucKFiELD. — Oamet  (estates  of  Waterman  and  Lowe),  iron  ore,  muscovitel  tourmaUne^ 
magnetite. 

Gahdaob  Fab u.— (Near  the  tide  miUs),  molybdenite,  wolframite 

Camden. — Made,  galenite,  epidote,  black  tourmaline,  pyrite,  talo,  magnetite. 

Gaumel  (Penobscot  Go.).— Stibnite,  pyrite,  maole. 

Gob  INN  A. — Pyrite,  arsenopyrite. 

Debb  Isle. — Serpentine^  verd-antique,  asbestos,  diallage,  magnetite. 

Dextbb. — Galenite,  pyrite,  blende,  chalcopyrite,  green  talo. 

Dixfield. — Native  copperas,  graphite. 

Bast  Woodstock. — Muscovite. 

Fabmington. — (Norton's  ledge),  pyrite,  graphite,  bog  ore,  garnet,  staaroUte. 

Fbrepobt. — Boss  guarte,  garnet,  feldspar,  scapolite,  graphite,  museovite, 

Fbtebubo. — Oamet,  beryl. 

Geobgetown. — (Parker's  island),  beryl/  black  tourmaline. 

Gbeenwood. — Graphite,  black  manganese,  beryl/  arsenopyrite,  cassiterite,  miea,  ro§e 
quartz,  garnet,  corundum,  albite,  airoon,  molybdenite,  magnetite,  copperaa. 

*  The  oatalogue  is  essentially  the  same  as  that  published  in  the  6th  Edition  of  Dana's  Sya 
tern  of  Mineralogy,  1868.    The  names  of  a  considerable  number  of  new  localities  have  been 
added,  however,  which  have  been  derived  from  various  printed  sources,  and  alao  from  privatt 
oontribntioDS  from  Prof.  G.  J.  Brush,  Mr.  G.  W  Hawes,  Mr.  J.  Willoox.  and  othfln. 

See  further  on  pp.  608  to  508. 
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JL&BROV.^CcLssUeritey  araenopyrite,  idocrase,  lepidoUU^  ambH^goniU  (hebron!t€)^  r%ibMUl 
uidicolite,  ffreen  tourmaline^  mica,  beryl,  apatite,  albite,  chUdrenite,  cookeite. 

Jrwell'b  Island.— Pyrite. 

Katahdin  Iron  Woiiks.  —  Bog-iron  ore,  pyrite,  magnetite,  qoaxts. 

Lbtteb  £,  Oxford  Co. — Staurolite,  macle,  copperas. 

LiNNiEUB. — Hematite,  limonite,  pyrite,  bog-iron  ore. 

Litchfield. — HodaUte^  Gancrinite,  ekeciite^  urean,  apodamene,  mnaooYite,  pyrrhotita. 
I      LuBEC  Lead  Mines.  -  QaJlenite^  dialeopyrite,  blende. 
\      "M-AcniASPOJiT.— Jasper^  epidote,  laomontite. 

Madawaska  Settlements. —  Vivianite, 

MiNOT.  —Beryl  smoky  quartz. 

Monmouth. — Actinolite,  apatite,  eUsoUte,  zircon,  staurolite,  plumoee  mica,  beryl,  ratile. 

Mt.  Abraham. — Andalueite^  staurolite. 

Norway. — Cfn^soberyl!  molybdenite,  beryl,  rase  quartz,  tfrthocUue^  cinnamon  garnet. 

Orr^s  Island. — Steatiie,  garnet  andalusite. 

Oxford. — Garnet,  beryl,  apatite,  wad,  zircon,  mitseamie^  artkodase. 

Paris. — QreenI  red!  black,  and  blue  taurmaUne/  mica  I  lepidoliie/  feldspar,  albite,  guarti 
erystale/  rase  quarUt,  cassiterite,  amblygonite,  sireon,  brookite,  beryl*  smoky  quartz,  spodn- 
mene,  coakdte,  leucopyrite. 

Parsonsfield. —  Vesutianite  1  yellow  garnet,  pargaeite,  adviaria,  ecapoUte,  galenite,  blende, 
cbalcopyrite. 

Vkhjj —CfystaUized  pyrite, 

PHiprsBDRQ. —  Y dim  garnet  I  manganesian  garnet,  vesuvianite,  pargasUe,  asdnite,  lauman- 
lite  I  chabazite,  an  ore  of  cerium  ? 

Poland.  — Vesavianite,  smoky  quartz,  cinnamon  g^amet. 

Portland. — Prehnite,  actinolite,  gramet,  epidote,  ametbyst,  caldte. 

PowNAL. — Black  tourmaUne,  ^eldspar^  scapolite,  pyrite.  actinolite,  apatite,  rose  quarti. 

Raymond. — Magnetite,  scapoUte,  pyroxene,  lepidolite,  tremoUte,  hornblende,  epidote,  orilkc- 
olase,  yellow  garnet,  pyrite,  vesuvianite. 

Rockland. — Hematite,  tremolite,  quartz,  wad,  tale. 

RuMFORD. —  TeUow  garnet,  vesunanite,  pyroxene,  apatite,  scapolite,  giaphite. 

Rutland. — Allanite. 

Sandy  River. — ^Auriferous  sand. 

Sanford,  York  Go. —  Vesuioianite  /  albite,  caldte,  molybdenite,  epidote,  black  toiirma!me, 
labradorite. 

Searsmont. — Andalusite,  tourmaline. 

South  Berwick. —Made. 

Standish. — Columbite  I 

Streaked  Mountain. — Beryl !  black  tourmaline,  mica,  garnet. 

Thomaston. — Calcite,  tremolite,  hornblende^  sphene,  arsenical  iron  (OwFs  head),  black 
manganese  (Dodge's  mountain),  thoTnsonite,  tale,  blende,  pyrite,  galenite. 

TOPBHAM. — Qua/rtz,  galenite,  blende,  tungstite?  beryl,  apatite,  molybdenite,  colombite. 

Union. — Magnetite,  bog-iron  ore. 

Wales. — Axinite  in  boulder,  alum,  copperas. 

Water ville—  Crystallized  pyrite. 

Windham  (near  the  hTidge).Stauroiite,  spodumene,  garnet,  betyl,  amethyst,  eyanite, 
tourmaline. 

WiNSLOW. — Cassiterite. 

WiNTHROP. — StauraUte,  pyrite,  hornblende,  garnet,  copperas. 

Woodstock. — Orap/Ute,  hematite,  prehnite,  epidote,  caldte. 

York. — Beryl,  yivianite,,  oxide  of  manganese. 

NEW  HAMPSHIRE. 

AcwoRTH. — Beryl//  mica/  tourmaline,  feldspar,  albite,  rose  quartz,  eolumbite/  cyanite, 
autunite. 

Albtead. — Mioa/  /  albite,  black  tourmaline,  molybdenite,  andalusite,  staurolite. 

Amherst. — Vesuvianite,  yelkno  garnet,  pargasite,  calcite,  amethyst,  magnetite. 

Bartlbtt. — Magnetite,  hematite,  brown  iron  ore  in  large  yeins  near  Jackson  (on  ^^  BaiO 
lace  mountain  *'),  quartz  crystals,  smoky  quarts. 

Bath. — Galenite,  cbalcopyrite. 

Bedford. — Tremolite,  epidote,  graphite,  mica,  tourmaline,  alum,  qnarfei. 

Bellows  FALLS.—Gyanite^  staurolite,  wavellite. 

BuflTOL.  —  Graphite. 
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Oahptok.— jB^r^/ 

Canaan. — Qold  in  pyrites,  garnet. 

Charleston. — StauroUte  macU,  andahmte  tnade,  bog-iron  ore,  prehnite,  oyanifce. 

Cornish. — Stibnite,  tetrabedrite,  rutiiein  quarts!  (rare),  staurottte. 

Crotden. — loUte!  cbalcopyrite,  pyrite,  pyrrhotite,  bliinde. 

Enfield. — Gold,  galenite,  stauroiite,  g^reen  quartr.. 

Franobston. — SoapstotUy  arsenopyrite,  quartz  orystals. 

Franconia. — HornJbUnde^  stauroUte/  eptdote/  winU^  hematite,  magneUte^  biaok  and  red 
manganesian  garntUy  orsenopyrite  {dcknhiUe\  obaloopyrite,  molybdenite,  prebnite,  gn^een 
quartz,  malacbite,  azurite. 

Gilford  (Gunstock  Mt.). — Magnetioiron  ore,  native  ^ loadstone." 

Goshen. — Oraphite^  blaok  tourmaline. 

Gilmantown.— Tremolite,  epidote,  muscoyite,  tourmaline,  limonite,  red  and  yellow 
quartz  crystals. 

Grafton. — IRea  !  (extensively  quarried  at  Glass  Hill,  2  m.  S.  of  Orange  Summit),  aXbiU  f 
blue,  green,  and  yellow  heryUI  (1  m.  S.  of  O.  Summit),  taurmaUTiey  garneta,  tfriphylite^  apa- 
tite, fluorite. 

Geanthah,—  Gray  stauroUte  ! 

Groton. — Arsenopyrite,  blue  beryl,  musoovite  crystals. 

Hanover. — Oarnet^  a  boulder  of  quartz  containing  ruUie!  blaek  tourmaUne^  guarU^  oya* 
nvte,  labradorite,  epidote. 

Haverhill. — Garnet/  areenopyrite^  native  areeniOy  golenite,  blende,  pyiite,  cbalcopy- 
rite, magnetite^  marcasite,  steatite. 

Hillsboro'  (Campbell's  mountain). — Graphite. 

Hinsdale. — BhodomU!,  black  oxide  of  manganese,  molybdenite,  indicolite,  black  tour- 
maline. 

Jackson.— Drusy  quarts,  tin  ore,  arsenopyrite,  native  arsenic,  fluorite,  apatite,  magnetite^ 
moiybdenitet  wolframite,  cbalcopyrite,  arsenate  of  iron. 

Jaffrbt  (Monadnook  Mt.). — Oyamte,  limonite. 

Kebne. — Graphite,  soapstone,  milky  quartz,  rose  quarts. 

Landaff. — Molybdenite,  lead  and  iron  ores. 

Lebanon. — Bog-iron  ore^  arsenopyrite,  galenite,  magnetite,  pyrite. 

Lisbon. — StauroUte,  black  and  red  garnets,  granular  magnetite,  JtomUendey  epidote^  eoititi^ 
bamatite,  arsenopyrite,  galenite,  gold,  ankerite. 

Littleton. — Ankerite,  gold,  bomite,  cbalcopyrite.  malacbite,  menaocanite,  cblorite. 

Lyman. — Gold,  arsenopyrite,  ankerite,  dolomite,  galenite,  pyrite,  copper,  pyrrhotite. 

Ltmb. — Cyanite  (N.  W.  part),  black  tourmaline,  rutile,  pyrite,  cbalcopyrite  (E.  of  E.  vil- 
lage), stibnite^  molybdenite,  cassiterite. 

Madison. — Galenite,  blende,  cbalcopyrite,  limonite. 

Merrimack. — Butiie/  (in  gneiss  nodules  in  granite  vein). 

Middleto  WN.  —JiutHe, 

Monadnook  Mountain. — ^Andalnsite,  bomblende,  garnet,  giapbite,  tourmaline,  ortho- 
dase. 

Moosilaukb  Mt. — Tourmaiine, 

Moultonborodoh  (Bed  Hill). — Hombende,  bog  ore,  pyzite,  tourmaline. 

Newington. — Garnet,  tourmaline. 

New  London. — ^Beryl,  molybdenite,  musoovite  czystala. 

Newport. — Mply  bdenite. 

Orange. — Blue  beryls/  Orange  Summit,  cbrysoberyl,  mica  (W.  side  of  mountain),  apatite, 
galenite,  limonite. 

Orford.  —Brown  tourmaline  (now  obtained  witb  difficulty),  steatite,  rutile^  cyanite,  brown 
iron  ore.  native  copper,  malacbite,  galenite,  garnet,  grapbite,  molybdenite,  pyrrhotite,  mela- 
conite,  cbalcocite,  HpidoUte, 

FRhOAU.Steatite, 

Pibrmont. — Micaceous  iron,  barite,  green,  white,  and  brown  mica,  apatite,  titanic  iron. 

Pltmohth. — Columbite,  beryl. 

Richmond. — loUte/  rutile,  steatite,  pyrite,  anthophyllite,  tala 

Bye.— Chiastolite. 

Saddleback  Mt. — Black  tourmaline,  gfamet,  spineL 

Shblburne. — Galenite,  black  blende,  chaleopyrite,  pyrite,  pyrolusite. 

Springfield.— Beryls  (very  large,  eight  inches  diameter),  mangofnesian  gamete/  hkuk 
tourmaline  /  in  mica  slate,  albite,  mica. 

Sullivan. — IbuiTnaUne  (blaok),  in  quartz,  beryL 

Surrey. — Amethyst,  calcite,  galenite,  limonite,  tourmaline. 

Swanzet  (near  Keene). — Magnetie  iron  (in  mniwee  in  granite). 
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Tamworth  (near  White  Pomd).— Galenite. 

Unitt  (estate  of  James  Neal). — Capper  and  Won  pyriUt^  Moroph^fiUUy  green  mte, 
ated  actinoUte^  garnet,  tUamferovs  iron  ore,  magnefits,  tounnaline. 

Walpole  (near  Bellows  Falls). — Made,  staorolito,  mica,  graphite. 

Wars  .—Graphite. 

WAnuKJX.—ChalcopyT^^  blende,  epidote,  quartz,  pffrite,  tremoUte,  gaieniie,  rume,  ialo^ 
molybdenite,  cinnamon  stone  I  pyroxene,  hornblende,  beryls  cyanite,  tourmaline  (maaslTe). 

Watebyillb. — Labradorite,  dirysolite. 

Westmoreland  (south  part). — Molybdenite  I  apatite!  blue  fddapar,  bog  manganeee  (north 
village),  quartz,  flnorite,  chalcopyrite,  oxide  of  molybdenum  and  uranium. 

White  Mts.  (Noteh  near  the  *' Crawford  House"). — Green  octahedral  fluonce,  quazti 
crystals,  black  tourmaline,  chiastolite,  beryl,  calcite,  amethyst,  amazonstone. 

WnjUOT,^Beryl 

Winchester. — Pyrolusito,  rhodoohrosite,  psilomelane,  magnetite,  granular  quarta,  ■podn- 
mene. 

YEBMONT. 

Addison. — Iron  sand,  pyxite. 

Alburqh. — Quartz  crystals  on  caldte,  pyiite. 

Athens. — Steatite^  rhomb  spar,  actinolite,  garnet. 

Baltimore. — Serpentiney  pyritef 

Barnet. —Graphite. 

Bblyiderb. — Steatite,  chlorite. 

Bennington. — PyroiusUe,  brown  iron  ore,  pipe  day,  yellow  ochre. 

Berkshire. — Bpidote^  hematite^  magnetite. 

Bethel. — AeUnoiitel  talc,  chlorite,  octehedral  iron,  rutUe,  broum  spar  in  steatite, 

Brandon. — Braunite,  pyrolusite,  psilomdane,  limonite,  lignite,  white  day,  statnazy 
marble ;  fossil  fruits  in  the  lignite,  graphite,  chalcopyrite. 

Brattleborouoh. — Black  tourmaline  in  quartz,  mica,  zoisite,  ratile,  actinolite,  eoapolite, 
■podumene.  roofing  slate. 

Bridoewater. — Tah^  doloTnUe,  magnetite,  steatite,  chlorite,  gold,  naUye  copper,  blende, 
galenite,  blue  spinel,  chalcopyrite. 

Bristol. — ButHe,  limonite,  manganese  ores,  magnetite. 

Brookfibld. — Arsenopyrito,  pyrite. 

Gabot. — Garnet,  staurdite,  hornblende,  albite, 

Gastlbton. — Hoofing  date^  jasper,  manganese  ores,  chlorite. 

Gayendish. — Garnet,  serpentine^  tale,  steatite,  tourmaline,  asbestus,  tremoUte, 

Ghester. — Asbestus,  fddspar,  chlorite,  quartz. 

Ghtttendbn. — Psilomelane,  pyrduaite,  brown  iron  ore,  hematite  and  magnetite^  galenito, 
iolite. 

Golchester. — Brown  iron  ore,  iron  sand,  jasper,  alum. 

Gorinth. — Ghalcopyrite  (has  been  mined),  pyrrhotito,  pyrite,  rutile,  quartz. 

Goybntry. —Rhodonite. 

Graftsbxtrt. — ^Mica  in  concentric  balls,  caldte,  rutileu 

Derby. — Mica  {(idameite). 

Dummerston.— Rutile,  roofing  slate. 

Fair  Haybn.  -^Hoofing  slate,  pyrite. 

Fletcher. — ^Pyrite,  magnetite,  adcnlar  tourmaline. 

Grafix>n. — The  steatite  quarry  referred  to  Grafton  is  properly  in  Athens ;  ^tiorli^  aotl^ 
aolite. 

Guilford. — Scapolito,  rutile,  roofing  slate. 

Hartford. — Galoite,  pyrite/  ryanite  in  mica  slate,  quartz,  tourmaline. 

Irasburoh. — ^Rhodonite,  psilornelane, 

J  AY. -^Ohromie  iron,  serpentine,  amianthus,  dolomite. 

Lowell. — PicroRmine,  amianthus,  serpentine,  ceroUte,  talc,  chlorite. 

Marlboro\ — Rhomb  spar,  steatite,  garnet,  magnetite,  chlorite. 

Mendon. — Magnetic  iron  ore. 

MiDDLBBURY.  — Zircon. 

Middlesex.- Rutile  I  (exhausted). 

Monkton.— P^fo2iM»^,  brown  iron  ore,  pipe  clay,  feldspar. 

MoRiTTOWN. — Smoky  quartz/  steatite,  talc,  wad,  rutile,  serpentine. 

MoRRiSTOWN.— Galenite. 

Mount  KohhY.-^Asbesttu,  chlorite. 

New  VASR.-^GHassy  and  asbeetyorm  aetinoUtey  steatite^  grmn  quartz  (called  ohrytopciifl 


AMERICAN  LOOAUnES.  477 

sl  tlie  locality),  ohaloedony,  dxnsy  qtiarts,  gamee,  okromio  and  Ukmio  iron,  rhomb  9pai^x 
■eipentine,  mtUe. 

Norwich.— il0ttnaV^,  feidgpar^  brawn  «par  in  talo,  cyanite,  soisite,  ohaloopjiite,  pjiitai 

PrrrsFORD. — Brown  iron  ore^  maagaxiese  ores. 

Plymouth. — Siderite,  magnetite,  hematite,  ffoldy  galenite. 

Pltmpton.— Maaaive  hornblende. 

Putney.— Fluorite,  brown  iron  ore,  rutHej  and  toisite,  in  bonldera,  atanxolite. 

Beadino. — Glassy  aetinolite  in  talo. 

Read8Boro\ — ijHassy  actinoUte^  sUaHte,  hematite. 

BiFTON. — Brown  iron  ore,  augite  in  bonldera,  octahedral  pyrite. 

BocHBSTER. — Rntile,  hematite  cryst. ,  magnetite  in  chlorite  slate. 

BoOKiNOHAH  (Bellows  Falla). — ^Gyanite,  indioolite,  feldspar,  tourmaline,  fluozite,  caiaii^ 
firehnite,  stanrolite. 

BoxBURY. — Dolomite,  tola,  serpentine,  asbestas,  qoarta. 

Rutland. — Mcbgnesite,  white  marUe,  hematite,  serpentine,  pipe  day. 

Salisbury. — Brown  iron  ore. 

Sharon. — QuarU  orystaJle,  cyanite. 

Shobeham. — Pyrite^  black  marble,  caldte. 

SHRBW8BURY. — Magnetite  and  chalcopyrile. 

Stark8B0R0\ — Brown  iron  ore. 

Stirling. — Ghalcopyrite,  talc,  serpentine. 

Stockbridob  — Arsenopyrite,  magnetite. 

Strafford. — ^Magnetite  and  chalcopyrite  (has  been  worked),  natiye  copper,  hoznbleode, 
copperas. 

Thbtford. — Blende,  galenite,  cyanite,  chrysolite  in  basalt,  pyrrhotite,  feldepar,  roo^khg 
eUUe^  steatite,  garnet. 

TowNSHEND. — Aetinolite,  black  mica,  to^,  steatite,  feldspar. 

Troy. — Magnetite,  talc,  serpentine,  picrosmine,  amianthus,  steatite,  one  mile  sontheast  of 
village  of  South  Troy,  on  the  farm  of  Mr.  Pierce,  east  side  of  Miasisco,  chromite,  zaratiui. 

Vbrshirb. — Pyrite,  ohalcopyrite,  tourmaline,  arsenopyrite,  quartz. 

Wardsboro*. — J^ilffi^,  tourmaline,  tremoUte,  hematite. 

Warren. — Aetinolite,  magnetite,  wad,  serpentine. 

Watbbbury. — Arsenopyrite,  ohalcopyrite,  rutHe,  guarU,  serpentme. 

WATBRViJiLE. — Steatite,  aetinolite,  talc. 

Weathersfield.  —Steatite,  hematite,  pyrite,  tremolite. 

Wells'  River.— Graphite. 

Webtfibld. — Steatite,  chromite,  serpentine. 

Westminster. — Zoisite  in  boulders. 

Windham. — Glassy  actinoUte,  steatite,  garnet,  serpentine. 

Woodbury. — Massiye  pyrite. 

Woodstock.  —Quartz  crystals,  garnet,  zoisite. 

MASSACHUSETTS. 

Alford. — Galenite,  p3rrite. 

ATBOij.—AUanite,  ftbrolite  (?),  epidote/  babingtoniie  ? 

Auburn. — Afasonite. 

BATiKR.—Ihttile  /  mica,  pyrite,  berifi,  feldspar,  garnet. 

Great  Barrington.— 2Vtff7k4^ 

Bedford  . — Garnet, 

Bblchb  rton. — AUanlte. 

Bern  ARDSTON.  —Magnetite. 

Beverly. — Columbite,  green  fddspar,  caasiterite. 

BhASTORD. -^Serpentine,  anthopAyUite,  actinoUte/  chromite,  4^ya&ite,  rose  quarti  in 
boulders. 

Bolton. — ScapdUe  I  petalite,  sphene,  pyroteene,  nvttalU&,  diopside,  boUonite,  ai>atite, 
nesite,  rhomb  spar,  aUarUte,  yttroeerite/  cerium  ochre  ?  (on  the  scapolite),  spmel. 

BoxBOROUGH. — Scapolite,  spinel,  garnet,  angite,  aetinolite,  apatite. 

Brighton.  — Asbestus. 

Brimfibld  (road  leading  to  Warren). — lolite,  adularia,  molybdenite,  mica,  garnet 

OAMhiSLK.—TourmaiiTie,  garnet/  scapolite,  aetinolite. 

Gharlbstown.  ^Prehnite,  laumontite,  stilbite,  chabaiite,  quarts  oiystals,  melanolite. 

OEXLUsroKD.'Scapolite    (dhelmafocdite),    ehondrodite,    blu*  spmd,    amianihtis/ 
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Chbstbb. — Hornblende^  seapoUte,  tairite^  spodumene^  intUeolite^  apatite,  magnetite,  eIuo> 
mite,  Btilbite,  hetdandite,  analdte  and  chabante.  At  the  Emeiy  Mine,  Chester  Faotoriee.— 
Gorundum^  margarite,  diaepore^  epidote,  oonmdophilite,  ohloritoid,  tourmaline,  nMnotfoon* 
Ue !  ratile,  biotite,  indianite  ?  andesite  ?  Gyarwte^  amesite. 

Chest F.RFiELD. — Bl,ue^  green^  and  red  tourmaUne^  deavdandite  (albite),  lepidollte,  emok^ 
quartz^  microUte,  epodumene,  cyanite^  apatite,  rose  beryl,  garnet,  Quartz  eryetaU,  staurofits, 
«a*j8iterite,  cokimbite,  zoiaite,  nranite,  brookite  (enmanite),  scheelite,  anthophjllite,  boiniie. 

CONWAT.— Pyrolofiite,  flaorite,  zoisite,  rutile  /  /  native  alum,  galenite. 

GuiCHiNOTON. — Bhodonite/  cammingtonite  (hornblende),  maroaute,  garnet. 

Dbdham. — AflbeBtoB,  galenite. 

Dbbrfibld. — Ghabazite,  heolandite,  stilbite,  amethyst,  oamelian,  chaloedonj,  agate. 

FrrcHBURO  (Pearl  Hill). — Beryl,  stauroUte/  garnets,  molybdenite. 

FoxBORonoH. — Pyrite,  anthracite, 

Franklin. — Amethyst. 

Goshen. — Mica,  aUntey  epodumene!  blue  and  green  Umrmaline,  beryl,  zoieite,  smoky  qnarti^ 
oolnmbite,  tin  ore,  galenite,  bexyl  (goshenite),  pihlite  (cymatolite). 

Greenfield  (in  sandstone  qaarry,  half  mile  east  of  village). — ^AHophane,  white  and 
greenish. 

Hatfield. — Barite,  yellow  quartz  crystals,  galenite,  blende,  chaloopyrite. 

Hawlet. — Micaeeoue  iron,  massive  pyrite,  magnetite,  zoisite. 

Heath.— Pyni«,  zoisite, 

Hinsdale.  —Brown  iron  ore,  apatite,  zoisite. 

HuBBARDBTON. — MoeHve  pyrite, 

Lancaster. — Cyanite,  emastolite/  apatite,  staurolite,  pinite,  andalusite. 

Lee. — TremoUte/  nphene!  (east  part). 

Lenox. — Brown  hematite,  gibbsite(?) 

Lever btt. — Barite,  galenite,  blende,  chaloopyrite. 

Leyden. — Zainite,  rtitUe, 

Littlefield. — Spinel,  scapolite,  apatite. 

LTNNFiEiiD. — Magnesite  on  serpentine. 

Martha^s  Vinrtard. — Brown  iron  ore,  amber,  selenite,  radiated  pyrite. 

Mendon. — Mica!  chlorite. 

Middlefield. — Glassy  actindUte,  rhomb  spar,  steatite,  serpentine,  fddepar^  dnuj  <iaaite» 
■patite,  zoisite,  nacrite,  chalcedony,  talc  I  deweylite. 

MiLBURT. — VermieuUte. 

Montague.  —Hematite. 

Nbwburt. — Serpentine,  ohrysotile,  epidate,  massioe  garnet,  siderite. 

Newburtfort. — Serpentine,  nemaUte,  uranite. — Argentiferous  galenite,  tetrahednte, 
chaloopyrite,  pyrargyrite,  eto. 

New  Braintrbe. — Black  laurmaiine. 

J^oiivncn.— Apatite/  black  tourmaUne,  beryl,  epodumene/  triphyUte  (altered),  blende, 
quartz  crystals,  cassiterite. 

Northfield. — Cdvmbite,  flbrolite,  cyanite. 

Palmer  (Three  Rivers). — Fddspar,  prehnite,  calc  spar. 

Pblham. — Asbestus,  serpentine,  quartz  crystals,  beiyl,  molybdenite,  green  harnstone,  epidote, 
amethyst,  oomndum,  vermiculite  (pelhamite). 

Plainfield. — Cvmmingtomte,,  pyrolusite,  rhodonite, 

RiCRMOTXD,^Brown  iron  ore,  gibbsite/  aUophane, 

BocKPORT. — JDanalite,  cryophytiite,  annite,  eyrtoUte  (altered  zircon),  green  and  fokite  ortkth 
ekue. 

BowB. — ^Epidote,  talc. 

South  Royalston.— J3(«^//  (now  obtained  with  great  difficulty),  mica/  /  fddspari 
allanito.  Four  miles  beyond  old  loo.,  on  farm  of  Solomon  Hey  wood,  miea  /  beryl/  jetdepeir) 
menacoanite. 

RuBBBL — Schiller  spar  (diallage  ?),  mica,  serpentine,  beryl,  galenite,  chaloopyrite. 

Salem. — In  a  boulder,  canorinite,  sodalite,  elasolite. 

BAUOU& — Porphyry,  jasper. 

Bhbffield. — Aebestus,  pyrite,  native  alum,  pyrolusite,  rutile. 

SHBIiBURNE.  — RutUe. 

Shutesbury  (east  of  Locke's  ^onA).'^Mciybdenite, 

hOTTTHAMFTON. — Oolenite,  cerussite,  anglesite,  wu^fenite,  fluorite,  barite,  pyrite,  ohaloopy* 
dte,  blende,  corneous  lead,  pyromorphite,  stoLnte,  chrysocolUu 

Sterling. — Spodumene,  MastoUte,  siderite^  azsenopyrite,  blende^  galenite,  obaloopyritt 
piyiite,  sterlingite  (damonzite). 

Stonbham.  -^Nephrite. 
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flTUBBRiDGE.—  Cfraphite,  gamet,  apatite,  bog  ore. 

SwjUCPSCOT. — OrtkitSy  feldspar. 

Taunton  (one  mile  noath). — ParaooliunbJte  (titaaio  iron). 

Turner's  Falls  (Conn.  Biyer).->GliaIcopjrite,  prehnite,  chlorite,  Mfto$kaiie,  siderite. 
malachite,  magnetic  iron  sand,  anthracite. 

Tyringham.— Pyroxene,  scapolite. 

UXBRIDOB. — Galenite. 

YfAXWiCK.—Mamte  garnet^  radiated  black  tourmaline^  magnetite^  beiyl,  epidote. 

Washington. — Graphite. 

WhstyieIjD.— Schiller  spar  (diallag^),  serpentine^  steatite^  pyanite,  soapolite,  aotinoUto. 

Westford. — Andahmte  ! 

West  Hahfton. — Galenite,  argentine,  psevdomorphmis  quarte. 

West  Springfield. — Pre^tnite,  ankerite,  satin  spar,  celestite,  bituminous  ooaL 

West  Stocrbrfdoe. — Hematite,  fibrous  pyrolusite,  siderite. 

Whately. — Native  capper,  galenite. 

Williamsburg.  —SMeUe,  pseadomorphons  quarts,  apatite,  rose  and  smoky  quarts,  galenite, 
pyrolnsite,  chalcopyrite. 

Willi amstown  . — Grifst.  gyartz» 

Windsor. — Zoisite,  actinolite.  rutHe/ 

Worcester. — Arsenopyrite,  idoocase,  pyroxene,  garnet,  amianthus,  bnohobBte,  siderite, 
galenite. 

Worthington. — Oyanite. 

ZoAR. — Bitter  spar,  tale, 

BHODE  ISLAND. 

Bristol.  — AmethyeL 

OovENTRY.— Mica,  tonrmaline. 

Cranston.  — Actinolite  in  talo,  graphite,  cyanite,  mioa,  melanterite,  bog  iron. 

Cumberland. — Manganese,  epidote,  actinoHte,  garnet,  titaniferons  iron,  magnetite,  red 
hematite,  chalcopyrite,  bomito,  malachite,  azorite,  oalcite,  apatite,  feldspar,  zoisite,  mioa« 
quarts  crystalA,  ilyaite. 

Diamond  Hill. — Qoartz  crystals,  hematite. 

Foster. — Cyanite,  hematite. 

Gloucester. — Magnetite  in  chlorite  slate,  feldspar. 

Johnston. — Talc,  brown  spar,  oalcite,  garnet,  epidote,  pyxite,  hematite,  magnetite,  dhal* 
copyrite,  malachite,  azurite. 

Limb  Rock. — Galcite  crystals,  quartz  pyrite. 

Lincoln. — Calcite  dolomite. 

Natic. — See  Warwick. 

Newport. — Serpentine,  qnartz  crystals. 

Portsmouth  — Anthracite,  graphite,  asbestns,  pyrite,  ohaloopyrite. 

Smithfield. — Dolomite,  oahite,  bitter  spar,  siderite,  naerite,  serpentine  (bowenite),  tremo* 
lite,  asbestus,  quartz,  magnetio  iron  in  chlorite  slate,  talo/  ootahedrite,  feldspar,  beryl. 

Yai^ley  Falls.— Graphite,  pyrite,  hematite. 

Warwick  (Natic  Tillage). — Masonite,  garnet,  graphite,  bog  iron  oro. 

Westerly. — Menaocanite. 

Woonsocket.— Cyanite. 

OONNEOTIOUT. 

Berlin. — Barite,  datoUte,  blende,  quarts  crystals. 

Bolton.  — Staurolite,  chalcopyrite . 

Bradleytille  (Litchfield). — Laumontite. 

Bmsrtojj.—Ghalcooite/  chaieopyrite,  barite,  bomitB,  talo,  aGophanB,  pyromoiiphite,  dotoiiSi 
oialachite,  galenite,  quartz. 

Bbookfield.— Galenite,  oalamiixe,  blende,  spodumene,  pyrrhotite* 

Canaan. — IVemoHte  and  white  augit-e  I  in  dolomite,  canaanite  (massive  pyroltene). 

Chatham. — Arsenopyrite,  smaltite,  ohloanthite  (chathamite)i  soorodite,  niocolite,  ber^^ 
ezythrite. 

Cheshire. — Barite,  eftaicocUe,  bomite  erysU,  malaehite^  kadUn^  natrclitOt  prehnitt,  ahab* 
site,  datolite. 

OHBiTEB. — SSUimemitef  siicon,  epidota^ 
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OoRT^WALL.  —  OrapMU^  pprtKoeney  aoUncUte,  spliene,  Bcapolite. 

Danbobt. — Danhurite^  oliffoelase,  moonstans,  brown  tonzmalme,  orthoclAM,  pyioaMna, 
parathorite. 

Farmikotok. — Prehnitey  ehabatUe,  agate,  native  copper ;  in  trap,  diahantUe, 

Granbt. — Green  malachite. 

Greenwich. — Elaok  tourmaline. 

Haddam. — Chry9oberpl  /  beryl/  epidotel  tourmaUne/  feldspar,  garnet/  ioUts/  oUg. 
ehlorop/iyUite/  automoUtej  magnetite,  adularia,  apatite,   eokmbite/  (hermannolite), 
(oalyptolite),  nUcay  pyzite,  marcasite,  molybdenite,  allanite,  biBmath,  bismath  ochre,  bisma- 
iite. 

Hadltmb. — Ghabasite  and  stilbite  in  gneiss,  with  epidote  and  garnet. 

Hartford. — DatoUte  {Rocky  Hill  qnarry). 

Kent. — Brown  iron  ore^  pjrolnsite,  oohrey  iron  ore. 

Litchfield. — Gyamte  with  comndum,  apatite,  and  andalosite,  meTiaooanUe  (waahiDgtoiL* 
tte),  chaloopTrite,  diaspore,  niocoUferons  pyrrhotitef,  margazodite. 

Ltmb. — Gkunet,  sonstone. 

Mbridbn.  — Datolite. 

HiDDLBFiELD  FALLS.  —  Datollte,  chlorite,  etc.,  in  amygdaloid. 

HiDDLETOWN. — Mica,  UpidoHt^iYriiAi  green  and  red  tourmaline,  aXbUe,  fddspcvr^  edvmJbUs! 
prehnite,  garnet  (sometimes  octahedral),  beryl,  topaz,  nranite,  apatite,  pitchblende ;  at  lead 
mine,  galenite,  cfudcopyrUe,  blende,  quartz,  calcUe,  fluorite,  pyrite,  sometimes  capillary. 

MiLFORD. — Sohlite,  pyroxene,  asbestus,  zoisite,  verd-antique,  marble,  pyrite. 

New  Haven. — Serpentine,  asbestus,  chromic  iron,  sahlite,  stilbite,  prehnite,  dhabaate, 
gmelinite,  apophyllite,  topazalite. 

Newtown. — Cyanite,  diaspore,  rutHe,  damourite,  cinnabar. 

Norwich. — SiUimnnite,  monazite  /  zircon,  voHte,  corundum,  feldspar. 

Oxford,  near  Humphreys ville. — Cyanite,  chalcopyrite. 

Plymouth.—- Galenite,  heulandite,  fluorite,  cfilorophylUte  /  garnet. 

Reading  (near  the  line  of  Danbury). — Pyroxene,  gai'ueU 

ROAKINO  Brook  (Cheshire). — DcUMUe/  calclte,  prehnite,  saponite. 

"BsyxBXSKT.-^Siderite,  blende,  pyrite/ /  galenite^  quartz,  chalcopyrite,  azsenopyrite,  linum- 

Salisbury. — Brown  iron  ore,  ochrey  iron,  pyrdunite,  triplite,  turgite* 

Satbrooe. — Molybdenite,  stilbite,  plumbago. 

Seymour. — Native  bismuth,  arsenopyrite,  pyrite. 

SlMSBURY. — Coppe7'  glance,  green  malachite. 

SouTHBURY. — Rose  quartz,  laumontite,  prehnite,  calcite,  barite. 

SOUTHINGTON. — Baritc,  datolite,  asteriated  quartz  crystals. 

Stafford. — Massive  pyrites,  alum,  copperas. 

Stoninoton. — Stilbite  and  chabaaite  on  gneiss. 

Tariffville. — Datolite. 

Thatchersvillb  (near  Bridgeport).— Stilbite  on  gneies,  bablngtonite ? 

Tolland. — Staurolite,  massive  pyrites. 

Trumbull  and  Monroe. — Chlorophane,  topaz,  beryl,  diaspore,  pyrrhotite,  pyrite,  nicco- 
lite,  Boheelite,  wolframite  (pseudomorph  of  scheelite),  rutile,  native  bismuth,  tungstio  acid, 
liderite,  mispickel,  argentiferous  galenite,  blende,  scapolite,  tourmaUne^  garnet,  albite, 
angite,  graphic  tellurium  it),  margarodite. 

Washington. — TripUte,  menaceanite/  (washingtonite  of  Shepaid),  rhodoohroslte,  natro- 
lite,  andalicsite  (New  Preston),  cyanite. 

Watertown,  near  the  Naugatuck. — ^White  sahlite,  monaiite. 

West  Farms. — Asbestus. 

WiLLiM ANTIC. — Topaz,  monozite,  ripidoUte. 

Winchester  and  Wilton. — ^Asbestus,  garnet. 


NEW  YORJK^ 

ALBANY  CO.— BETHLBtt£M.--Calclte)  stalaotite,  stalagmite,  e&lcaifeotiii  sittter,  BOOWf 
gypsum. 

GoBYMAN^s  Landing — Gypsum,  epsom  salt,  qitartz  erystals  at  Crystal  Hill,  three  milef 
•onth  of  Albany. 

GuiLDBRLAKD.-^Petroleum,  anthracite,  and  oalclte,  an  the  banke  of  the  Kotmaii*!  Kill 
two  miles  south  of  Albany. 

Watbbvlibt. — Quartt  erystak^  yellow  dnasy  qoarti. 
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ALLEGHANY  CO.— Guill — CalcareooB  tota,  petrolenm,  3^  miles  from  the  Tilliiga 

CATTARAUGUS  CO. —Freedom.  —PetmleMm, 

CAYUGA  CO.— Auburn.— Oeleatite,  calciie,  fluorspar,  epsomite. 

Catuga  Lake.— Sulphur. 

LUDLOWVILLB. — Epsomite. 

Union  Spuings.— iSW«ut«,  gypsum. 

SFRiNGroRT.— At  Thompson's  plaster  beds,  mdphurl  selenits, 

Sfringville.— Nitrogeii  springs. 

CLINTON  CO.— Arnold  Iron  'M.tSE.^-JIfagnetite,  epidote,  molybdenite. 
Finch  Orb  Bed. — CaicUe^  green  and  purple  fluor. 

CHATAUQUB  CO.— Fredonia.— Petroitfuw,  carburetted  hydrogen, 
Laon  A.  — Petroleum. 
Sheridan.  —Alum. 

COLUMBIA  CO. — AUBTERLITZ. — Earthy  manganesej  wulfenite,  chalcocite ;  LiTingstoB 
lead  mine,  vitreous  silver  f 

Chatham. — Quarts,  pyrite  in  cubic  czystals  in  slate  (Hillsdale). 

Canaan.— Chalcocite,  ohalcopyrite. 

Hudson. — Epidote,  edenitel 

New  Lebanon. — ^Nicrorai  springs,  graphite,  anthracite ;  at  the  Anoram  lead  mine,  galen* 
ite,  barite,  blende^  vnUfenUe  (rare),  ohalcopyrite,  calcareous  tufa ;  near  the  city  of  Hudson, 
epsom  salt,  brown  spar,  wad. 

DXrrCHESS  CO.— Amsnia. — ^Dolomite,  Umonite,  turgite, 
Bbckman. — Dolomte, 

Dover. — Dolomite,  tremoUte,  garnet  (Foss  ore  bed),  staurolite,  Umonite. 
FiSHK ILL.— Dolomite ;  near  Peckville,  talo,  asbestus,  grap?Ute,  homblande^  angite,  aetifi&' 
Ute^  hydrous  anthophyllite,  UmonUe. 
North  East. — Chalcocite,  chalcopyritC)  galenite,  blende. 
Pawling.  — Dolomite. 

JEteiNEBECK. — Calcite,  green  feldspar,  epidote,  tourmaline. 
Union  Vale. — ^At  the  Clove  mine,  gibbsite^  Umonite, 

ESSEX  CO. — Alexandria. — Kirby^s  graphite  mine,  graphite^  pyroxene^  ioapoHte,  sphene. 

Crown  Point. — Apatite  (eupyrchroite  of  Emmons),  brown  UmrmaUnel  in  the  apatite, 
chlorite,  quartz  crystals,  pink  and  blue  calcite,  pyrite ;  a  short  distance  south  of  J.  C.  Ham* 
mond^s  house,  garnet,  eoapoUte,  ohalcopyrite,  aventurine  fddepar^  zircon,  magnetic  iron  (Peru), 
epidote,  mica. 

Kerne  . — Scapolite. 

Lewis. — Tabular  tpary  edhphonite,  garnet,  labradorite,  horhblUnde^  actinoUte;  ten  miles 
south  of  the  village  of  Keeseville,  mispickel. 

Long  Pond. — Apatite,  garnet,  pyroxene^  idocrase,  ooecdfitel  I  eeapciUe^  magnetite,  blue 
caleke. 

MclNTYRE. — Labradorite,  garnet,  magnetite. 

MoRiAH,  at  Sandford  Ore  Bed. — Magnetite,  apatite,  aUanitef  lanthanite,  actinolite,  and 
feldspar ;  at  Fisher  Ore  Bed,  magnetic  iron,  feldspar,  quartz ;  at  Hall  Ore  Bed,  or  *'  New  Ore 
Bed,**  magnetite^  tircom;  on  Mill  brook,  calcite^  pyroxene,  hornblende,  albite;  inthetowo 
of  Moriah,  magnetite,  black  mica  ;  Barton  Hill  Ore  Bed,  albite. 

NEWCOMa — Labradorite,  feldspar,  magnetite,  hypersthena 

Port  Henrt. — Brown  tourmaline,  mica,  rose  guartt,  serpentine,  green  and  black  pyroxenSy 
hornblende,  oryst.  pyrite,  graphite,  wollastonite,  pyrrhotite,  adularia;  phlogopite/  atCheevei 
Ore  Bed,  witii  magnetite  and  serpentine. 

Roger's  Rock. —Gfraphite,  woUastonite,  garnet^  eolophonite,  feldspar,  advLlana^  pyroxeM^ 
spfyene,  coccolite. 

ScHRt>oN. — Caloite,  pyroxene,  ehondrodite. 

TicoNDEROGA. — Cfrophite/  pyroxene,  eahlite,  sphene,  black  tourmaline,  cacoxene?  (] 
Defiance). 

Westport. — Labradorite,  prehnite,  magnetite. 

Willsboro*. —  WoHastonite,  eolophonite,  garnet,  green  eoeecUie^  homUende. 

8BIE  CO.— ElIiTCott'8  Mills. — Oaicareous  tttfas, 
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FEANKLIK  00.—  OHATBAUOAT.—Nitrogen  spzixigs,  oaloaieou  tnfiiL 
Malonb. — MdmoepyrUs,  magnetite. 

GENESEE  CO. — Acid  springi  oontaining  salpharic  aoid. 

GREENE  CO.— Catskill.— OiifcfYtf. 
Diamond  Hill. — Qaarts  ciystola. 

HEBKIMEB  CO.— Faibfibld.— Quartz  cryitaU^  fetid  barite. 

LiTTLB  FALL& — Qocvrts  cTytttdU  f  barite,  calcite,  anthracite,  pend  spar,  tmoky  quattt, 
one  mile  south  of  Little  Falls,  calcite,  brown  spar,  feldspar. 
MiDDLBViLT  B. — Quavtz  cryitals  /  raieiU^  brown  and  pearl  spar,  anthracite. 
Newport. — QuarU  eryUaU, 

Salisbury. — QtiarUi  oryttalil  blende,  galenite,  pyrite,  dhaloopyxite. 
Stabk. — Fibrous  oelestite,  gypsum. 

HAHILTON  CO.— Long  Lakb.— Blue  caloite. 

JEFJ*ERSON  CO.— Adams.— Fluor,  oalo  tufa,  barite. 

Alexandria. — On  the  S.E.  bank  of  Mnscolonge  Lake,  flaorite,  phlogopiU^  ohaloopyrite, 
apatite ;  on  High  Island,  in  the  St.  Lawrence  River,  feldspar,  tourmaline,  hornblende,  orthih 
dase^  oelestite. 

Aif TWERP. — Stirling  iron  mine,  hematite,  ehalcodite,  sideiite,  miQerite,  red  hematite,  dya 
tallized  quartz,  yetiow  araganite,  niocoliferous  pyrite,  quartz  crystals,  pyrite ;  at  Oxbow,  coi- 
die/  porous  coralloidal  heavy  spar;  near  Yrooman's  luke,  adeitef  yesuvianite,  phiogojfrite / 
pyroxene,  spJietie,  fluorite,  pyrite,  ohalcopyrite  ;  e^ao  feldspar,  hog-iron  ore,  scapolite  (farm  oi 
bavid  Eggleson),  serpentine,  tourmaline  (yellow,  rare). 

Brownsville. — Oelestite  in  slender  crystals,  calcite  (four  miles  from  Watertown). 

Natural  Bridge. — Feldspar,  yieseckite!  ste^itite  pseudamorphaus  aiter  pyroxene^  apatite. 

Nbw  Con nkct tout. — Hphene,  brovn  pJdogopite, 

Omar. — Bei'yl,  fddspar,  hematite. 

Philadelphia. — Qarnets  on  Indian  river,  in  the  village. 

Pamelia. — Agaric  mineral,  calc  tufa. 

PiERREPONT. — Tourmaline,  sphene,  scapolite,  hornblende. 

Pillar  Point. — Massioe  barite  (exhausted). 

Theresa. — Fluonte,  calcite,  hematite,  hornblende,  quartz  crystals,  serpentine  (associated 
with  hematite),  oelestite,  strontianite ;  the  Uusoolonge  Lake  localiiy  of  finer  is  exhausted. 

Watertown. — IVemolite^  agaric  mineral,  calc  tufa,  oelestite. 

WiLNA. — One  mile  north  of  Natural  Bridge,  calcite, 

LEWIS  CO. — Diana  (localities  mostly  near  junction  of  crystalline  and  sedimentary  rocka» 
and  within  two  miles  of  Natural  Bridge). — Scapolite/  wollastonite,  green  coeeoUte,  feldspar^ 
iremoUte,  pyroxer^  I  spJieneJ  I  mica,  quartz  crystals,  drusy  quartz,  cryst.  pyrite,  pyrrhotite, 
blue  calcite,  serpentine,  renssdaerite^  zircon,  graphite,  chlorite,  hematite,  bog-iron  ore,  iron 
sand,  apatite. 

Greig. — Magnetite,  pyrite. 

LowviLLB. — Calcite,  fluorite,  pyrite,  galenito,  blende,  calc  tufa. 

MARTiNdBURGH. — Wad,  galenite,  etc.,  but  mine  not  now  opened,  caldte, 

Watson,  Bremen. — Bog-iron  ore. 

MONROE  CO. — RocHBSTBR. — Pearl  spar,  calcite,  snowy  gypsnm,  fluor,  oelestite,  galenltei 
blende,  barite,  homstone. 

MONTGOMERY  CO.— Can  a  johabtb.— Anthracite. 

Palatine. — Quartz  crystals,  drusy  quartz,  anthracite,  homstone,  agate,  garnet. 

Root. — Drwty  quarts,  blende,  barite,  stalactite,  stalagmite,  galenite.  pyrite. 

NEW  YORK  CO.— Corlbar's  Hook. — Apatite,  brown  and  yellow  feldspar,  sphene. 

KiNOSBRiDGB. — Trcm/oUte,  pyroxene,  mica,  tourmaline,  pyrites,  rutile,  dolomite. 

Harlrm. — Epidote,  apophyUite,  stilbite,  tourmaline,  vivianite,  lamellar  feldspar,  mica. 

New  York. — Serpentine,  amianthus,  actinolite,  pyroxene^  hydrous  anthophyllite,  gemei, 
•taurolite,  molybdenite,  graphite,  chlorite,  jasper,  necronite,  feldspar.  In  the  excavations  foi 
the  4th  Avenue  tunnel,  1875,  liarmotome,  stilbite,  ohabasite,  heulandite,  eto. 
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NIAGABA  0O.~LBWi8TON.~i^>wiii^. 

LocKPOBT. — Gde$tUe^  ealdU,  seienite,  anhydrite^  fivoriU^  dolomite,  H&nd$. 

NiAOABA  FaIaIjS.  "^OalcUe^  flaorite,  blende,  tManUte, 

ONEIDA  CO.— BooNViLLB.— (7(rxZette.  todOastonite^  eoecolite. 

Clinton. — Blende,  leaticuhir  argiUaeeous  iron  ore;  in  rocks  of  the  Clinton  Groap,  ifcronti 
MDite,  celentite.  the  former  covering  the  latter. 

ONONDAGA  CO.— <jAU11j1jVS.— Sd&nite  Bud  fibrous  gypeum. 

Cold  Spring. — Azinite. 

Manlius. — Qypsum  and  fluor. 

Straousb. — Serpenttney  oelestite,  selenite,  barite. 

ORANGE  CO. — Cornwall. — Zireon,  ehondrodite,  harnUendey  tpind,  masthe  feldapar^ 
fhraus  epidote^  hudRonlte,  menaocanite,  serpentine,  cocoolite. 

Dbeb  Park. — Cryst.  ppritey  galenite. 

MoNROB. — Afioa/  spfune/  garnet,  colophonite,  epidote,  ehondroditey  aUanite,  buchoLut*, 
brown  spar,  spinel,  hornblende,  talc,  menaocanite,  pyrr/iotite,  pyrite,  chromite,  graphite,  ras- 
toljte,  moronolite. 

At  WiLKS  and  O'Nbil  Mine  in  Monroe. — Aragonite,  magnetite,  dimagnetite  (peend.  ?),  jen- 
kinsite,  asbesttts,  serpentine,  mica,  ftartanoUte, 

At  Two  Ponds  in  Monroe. — Pyroxene/  ehondrodite,  Jufniblende,  soapolUe!  nreon,  tphens^ 
apatite. 

At  Grbbnwood  Furnacb  in  Monroe. — Chondrodite,  pyroxene  /  mtooy  homtlende,  spinel^ 
toapoUte,  bioUtef  menaocanite. 

At  Forest  op  Dean. — Pyroxene,  spind,  siroon,  soapolite,  hornblende. 

Town  of  Warwick,  Warwick  Villaob. — Spinel /  zircon,  serpentine/  brown  spar,  pyroat- 
ene/  hornblende/  pseudomorphous  steatite,  feldspar /  (Rock  Hill),  menaocanite,  eUntonite, 
tonrmaline  (R.  H. ),  nUile,  sphene,  molybdenite,  arsenopyrlte,  marcosibe,  pyrite,  yellow  iron 
sinter,  quartz,  jasper,  mica,  ooocolite. 

AiiTTY. -'Spinel/  garnet,  scapoUte,  hornblende,  vesuvianite,  epidote/  dintonite/  magnetite^ 
tourmaline,  warwiokite,  apatite,  ckondrodite,  tnic/  pyroxene/  mtile,  menaocanite,  gireon^ 
corundum,  feldspar,  sphene,  caloite,  serpentine,  schiller  spar  (?),  silvezy  mica. 

EoENYiLLB. — Apatite,  c/iondrodite  /  hair-brown /lornblende  /  tremolite,  spinel,  tourmalifiSy, 
fjDartoickite,  pyroxene,  sphene,  mica,  feldspar,  mispickd,  orpiment,  rutile,  menaocanite,  sooro« 
dite,  ohaloopyrito,  leucopyrite  (or  lollingite),  allanite. 

West  VounT,—F€idspar,  mica^  sonpolite,  sphene,  hornblende,  allanite. 

PUTNAM  CO.— Bbbwbtbb,  Tilly  Foster  lT(mWxi»,^Ohondrodite  /  (also  hnmite  and olino- 
humite)  crystals  very  rare,  magnetite,  dolomite,  serpentine  pseudomorptui,  brucite,  enstatite, 
ripidolite,  biotite,  acttnolite,  apatite,  pyrrhotite,  flaorite,  albite,  epidote,  sphene. 

Carmbl  (Brown's  quarry). — Anthophyllite,  schiller  spar  (?),  orpiment,  arsenopyrlte,  epi* 
dote. 

Cold  Spring. — Chabasite,  mica,  sphene,  epidote. 

Patterson. —  W7iit^  pyroxene  /  ealeite,  asbestus,  tremolite,  dolomite,  massive  pyrite. 

Philltpstown. — Tremolite,  amianthus,  serpentine,  sphene,  diopside,  grpen  coocttlite,  hom 
blende,  seapolite,  stilbite,  mica,  laumontite,  garhofite,  oa]oit<e,  magnetite,  <^romite. 

Phillips  Ore  Bed. — Hyalite,  aetinoiite,  massive  pyrite, 

RENSSELAER  CO.— Hoosic— Nitrogen  springs. 
Lansing nuROR.' — Epsomite.  quarU  crystals,  pyrite. 
Trot. — Quarts  crystals,  pyrite,  selenitk 

RICHMOND  CO.— RosBviLLB.— Lignite,  erysL  pyrite. 

Quarantine. — Asbestus,  amianthus,  aragonite,  dolomite,  gurht^ftUt  brndtci  seifontiiit 
Ai20,  magnesite. 

ROCKLAND  CO.— Caldwell.— t7aft»Y«, 

Grassy  Point. — Serpentine,  aetinoiite. 

Hayerstraw.— J9ornM0n(2^  barite. 

Ladbntown. — Zircon,  malachite,  cnprite. 

PiBRMONT.— Datolite,  stilbite,  apophyllite,  stollite,  prehnite,  thomsonite,  oaldte,  ohabttdfet 

Stont  Point. — Cerolite,  lamellar  hornblende,  aabestns. 
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8T.  LAWHENOE  00.— Oaktoit.— ifowMvtf  pyriUy  ecUdte,  brown  toarmaliiie,  sphene^  Bet- 
peniine,  talc,  renssdaerite,  pyroxene,  hematite,  Ghalcopyrite. 

DKKAJjB.^Bornblende,  barite,  fluorite,  tremoUte,  UyurmaUne^  blende,  graphite,  pyroxene, 
i|aartz  (spoDgy),  serpentine. 

Edwards.  — Broion  and  sUvery  mica  I  aoapolite,  apatite,  guariM  erystaia,  actinolite,  trervh 
tttef  hematite,  serpentine,  magnetite. 

Fine. — Black  mica^  hombleDde. 

Fowler. — Barite^  quartz  crystals/  hematite,  blende,  galenite,  tremolite,  chalcedony,  bog 
ore,  satin  spar  (aasoc  with  serpentine),  pyrite,  chalcopyrite,  actinolite,  renssdatrite  (neai 
Somerville). 

GouvBRNEUR.— CofctYtf/  Serpentine!  homUende!  scapoUtef  ort?ioelase,  tourmaUne/  ido- 
orase  (one  mUe  sonth  of  G.),  pyroxene,  malacoHte,  apatite,  rensselaerite,  serpentine,  sphene, 
flnorite,  barite  (farm  of  Judge  Dodge),  black  mica,  phlogopite,  tremoUte  I  asbestus,  hematite, 
graphite,  yesuvianite  (near  Somerville  in  serpentine),  spind,  houghite,  scapolite,  phlogopite^ 
dolomite  ;  three-quarters  of  a  mile  west  of  Somerville,  chondrodite^  spinel ;  two  miles  north 
of  Somerville,  apatite,  pyrite,  brown  tourmnline!  / 

Hammond. — Apatite/  zircon/  (farm  of  Mr.  Hardy),  ^rf Aoofcue (loxocase),  par^on^,  barite, 
pyrite,  purple  flnorite,  dolomite. 

Hermon. — Quartz  crystals,  hematite,  siderite,  pargaaite,  pyroxene,  serpentine,  tourma- 
line, bog-iron  ore. 

ICacomb. — Blende,  mica,  galenite  (on  land  of  James  Averil),  sphene. 

Mineral  Point,  Morristown.— Fluorite,  blende,  galenite,  pidogopite  (Pope^s  Mills),  barite 

OODBNSBURO.  — Labradorite. 

PiTCAiRN. — Satin  spar,  associated  with  serpentine. 

Potsdam. — Hornblende/— eight  miles  from  Potsdam,  on  road  to  Pierrepont,  fddtpar^ 
tourmaline,  black  mica,  hornblende. 

RosciiE  (Iron  Mines). — Barite,  hematite,  coralloidal  aragonite  in  mines  near  Somerville, 
timonite,  quartz  (80metimes  stalactitio  at  Parish  iron  mine),  pyrite,  pearl  spar. 

RossiE  Lead  Mine. — Gtilcite/  galenite/  pyrite,  ceiestite,  chalcopyrite,  hematite,  cemssite, 
anglesite,  octahedral  fluor,  black  phlogopite. 

Elsewhere  in  BossiE. — Galeite,  barite,  quartz  crystals,  chondrodite  (near  Yellow  Lake), 
feldspar  /  pargasite/  apatite,  pyroxene,  hornblende,  sphene,  zircon,  mica,  fluorite,  serpen- 
tine, automolite,  pearl  spar,  g^phite. 

BussBL. — Pargasite f  specular  iron,  quartz  (dodec.),  oalcite,  serpentine,  renaselaeritei 
magnetite. 

SARATOGA  QO.^Q^vxsnfTBJAy.—Chrysoberyll  garnet!  UmrmaUne/  mica,  fddjKpair^ 
apatite,  graphite,  aragonite  (in  iron  mines). 

SCHOHARIE  CO.— Ball's  Caye,  and  others.— Calcite,  stalactites. 

Carlisle. — Fibrous  barite,  eryst.  and  Jib.  caldte. 

Middlebury. — Anthracite,  caldte. 

Sharon. — Calcareous  tufa. 

Schoharie. — Fibrous  celestite,  strontianUe  /  cryst.  pyrite! 

SENECA  CO.— Canoga. — Nitrogen  springs. 

SULLIVAN  CO.— -Wubtbhoro'.— (Jflfoni^,  blende,  pyrite,  chalcopyrite. 

TOMPKINS  CO.— ITHAOA.— Calcareous  tnfa. 

ULSTER  CO.— Ellbnyillb.— (?a?m»^,  hlendef  chalcopyrite  !  quartz,  SroclktU. 
Mabbleto  WN. —Pyrite. 

WARREN  CO.— Caldwell.— Jf/M«tJc/5feftpar. 

Chester Pyrite,  tourmaline,  rutile,  chalcopyrite. 

Diamond  Isle  (Lake  Geoige). — Galdte,  quartz  crystals. 

Glenn's  Falls. — Rhomb  spar. 

JonNSBURG. — Fluorite!  zvrcon!  !  graphite,  serpentine^  pyrUe. 

WASHINGTON  CO.— Fort  ksns.^Oraphite,  serpentine. 
Granyillb. — Lamdlar  pyroxene,  massive  feldupar,  epidott* 

WATNE  CO.— WOLOOTT.— Barite. 
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WK8TGHESTFR  CO.— Anthokt*b  yosE.-^ApatUey  pyrite,  caloUel  in  yexy  laige  talmlai 
OKystaLs,  grouped,  aud  sometiines  incrufited  with  drosy  quartc. 

Davknpobt^s  Neck. — SeiTpewtirie^  garnet,  sphene. 

£abtcxie8T£R. — Blende,  pyrite,  chtdcopyrite,  dolomite. 

Hastings. — I'remoUte,  wiUte  pyroxene. 

Nkw  Eochelle. — Serpentine^  brucite,  quaitz,  mieay  tremolite,  garnet,  magnesite. 

PBEKSKiLL.^Mica,  feldspar,  hornblende,  etilbite,  sphene ;  three  miles  south,  emery. 

Rye. — iSerpentme^  ddorite^  black  tourmaUne,  tremolke. 

SiNGsmo. — Pj/roxene,  tremoUte^  pyrite,  beryl,  azorite,  green  malachite,  ceraaaite,  pyiomor 
phite,  anglesite,  vauquelinite,  galenite,  native  silver,  ohalcopyrite. 

West  Fabics. — ^Apatite,  tremolite,  garnet,  stilbite,  heulandite,  chabazite,  epidote,  sphana 

YoNKERB — TremoiUe^  apatite,  calcite,  analcite,  pyrite^  tourmaline. 

YoiiKTOWN. — SUUmanUdy  muiumUe,  magnetite. 

NEW  JERSEY. 

Akdoyer  Ibon  Mine  (Sussex  Co.). — ^Willemite,  brown  garnet. 

Allen  TO  WK  (Monmouth  Co.). —  VwianUe^  dufreniU, 

Belyillb. — Copper  mines. 

Berqen. — Caloite!  dtitolite!  peUoUte  (called  stellite)!  analeite,  apophyttUel  gmeUmiU^ 
preJi/iite^  sphene,  sUibitey  natrokte^  heulandite,  laumontite,  chctbaskey  pyvite,  pseudomorphooi 
steatite,  imitative  of  apophyUite,  diabantite. 

Brunswick. —Copper  mines;  native  capper,  imUachite,  mountain  leather, 

Bryam. — Chondrodito,  trpind,  at  RosevUle,  epidote. 

Cant  well's  Bridge  (Newcastle  Co.),  three  miles  west— Vivianite. 

Danville  (Jemmy  Jump  Ridge). — G-rapIUle,  chondrodite,  augite,  mica. 

Flemington. — Copi)er  mines, 

Frankfort.  — Serpentine. 

Franklin  and  STRRLtSQ.—Spind /  garnet/  rfiodonit^f  wiUemite!  frankUnite I  nncite ! 
dyeluUe/  Jiomblende^  tremoUte^  ^tondrodile,  white  scivpoUte,  black  tourmaline,  epidote,  pink 
ealdte,  mica,  actinolite,  augite,  sahlite,  cocoolite,  asbestus,  jeffereanite  (augite),  calamine, 
graphite,  fluorite,  beryl,  galenite,  serpentine,  honey-colored  sphene,  quarts,  chalcedony, 
amethyst,  zircon,  molybdenite,  vivianite,  t&phroite,  rhodochrosite,  aragonite,  sussexite,  chal- 
eophanite,  roepperite,  calcozincite,  vanuxemite,  gahnite.     Also  aigerite  in  gran,  limestone. 

Franklin  and  Warwick  Mts. — Pyrite, 

Greenurook. — Copper  mines. 

Griggstown. — Copper  mines. 

HAMBURGn. — One  mile  north,  epinel  I  towrmaUne,  phlogopite,  Jiornblende,  Umonite,  hematite. 

HoBOKEN. — Serpentine  (marmolite),  brucite,  nemaUte  (or  fibrous  brucite),  aragonite,  dole* 
mite. 

HuRDSTOWN. — Apatite,  pyrrhotite,  magnetite. 

IMLEYTOWN. — Vivianite. 

Lock  WOOD. — Oraphite,  c/iondroiite,  talc,  augite,  quartz,  green  spineL 

MONTVILLE  (Morris  Co.).— Serpentine,  c/tryttolile, 

MuLLiCA  Hill  (Gloucester  Co.). —  Vicianite  lining  belemnites  and  other  fossils. 

Newton. — Spinel,  blue,  pink,  aiid  white  corundum,  mica,  vesuvianite,  hornblende^  Umrma- 
line,  ecapolite,  rutile,  pyrite,  talc,  calcite,  barite,  pseudomorphous  iteaUte, 

FATBUBOV.—Datolite. 

Vernon. — Serpentine,  spinel,  hydrotalcite. 

PENNSYLVANIA.* 
ADAMS  CO.— GsTTYSBrRO.— Epidote,  fibrous  and  massive. 

BERKS  CO. — ^Morgantown. — At  Jones's  mines,  one  mile'  east  of  Morgantown,  green 
molftchite,  native  copper,  chrysocoUa,  magnetite,  allophane,  pyrite,  chalcopyrite,  aragonite. 
apatite,  talc ;  two  miles  N.E.  from  Jones's  mine,  graphite,  sphene;  at  Steele's  mine,  od<: 
mile  N.W.  nrom  St.  Mary's.  Chester  Co.,  m^ignetlte,  micaceous  iron,  coccolite,  brown  garnet. 

Reading. — Smoky  quartz  crystals,  zircon,  stilbite,  iron  ore,  near  Pricetown,  zircon,  allan 
Ite,  epidote ;  at  Eckhardt'e  Furnace,  cUlttnite  with  zircon  ;  at  Zion's  Church,  molybdenite  ; 


*  See  also  the  Report  on  the  Mineralogy  of  Pennsylvania,  by  Dr.  F  A.  Genth,  1875. 
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near  Kntztown,  in  the  Crystal  Gave,  stalactites ;  at  Fritz  Islaod,  apophffiUA  thomaomte,  eA^ite 
sUe^  oaldte,  azarite,  maUuMU,  magnetite,  ohaloopyrite,  stibnite,  proohlorite,  precious  aer 
pontine. 

BUCKS  CO. — BuCKTNOUAM  TowNsniP. — Crystallized  quartz;  near  New  Hope,  vesuTian 
Ite.  epidote,  barite. 

Southampton. — ^Near  the  village  of  Feastenrille,  in  the  quarry  of  George  Van  Arsdalo 
graphUe^  pyroxene,  sahlite,  coocolite,  sphene,  green  mica,  calcite,  woUcutoniU,  glassy  feld 
■par  sometimes  opalescent,  phlogopite,  blue  guarU.  garnet,  zircon,  pyrite,  moroxite,  scapolita 

New  Brit.un. — Dolomite,  galenite,  blende,  malachite. 

CARBON  CO.— Summit  Hill,  in  coal  wxMiB,^KaoUtUU, 
CHESTER  CO. — Ayond alb. —Asbestos,  tremolitA,  garnet,  opal 

BiRMiNonAii  TowNsniP. — Amethyst,  amoky  quartz^  serpentine,  beryl ;  in  Ab^m  Dariioi^- 
ton^s  lime  quarry,  calcite. 

East  Bradford. — Near  Buffington's  bridge,  on  the  Brandywine,  green,  blue,  and  gpray 
cyanite,  the  gray  cyanite  is  found  loose  in  the  soil,  in  crystaU ;  on  the  faims  of  Dr.  Kwyn, 
Mis.  Foulke.  Wm.  Gibbons,  and  Saml.  Entrikin,  amet/iyst.  At  Strode's  mill,  asbestns  tnag- 
neaite^  anthophyllite,  epidote,  aquacrepitite,  oligoclane,  drusy  quartz,  coUyritef  on  Os- 
borne's Hill,  wady  manganesinn  garnet  (massive),  sphene,  schorl ;  at  Caleb  Cope's  lime  quarry, 
fetid  dolomite^  necronite,  garnets,  blue  cjanite,  yeUow  actiitfiite  in  tale;  near  the  Black 
Horse  Inn,  indurated  takt  rutiie ;  on  Amor  Davis'  farm,  orthite!  massive,  from  a  grain  to 
lamps  of  one  pound  weight ;  near  the  paper-mill  on  the  Brandy  wine,  zircon^  associated  with 
tUaniferoua  iron  in  blue  quartz. 

West  Bradford. — Near  the  village  of  Marshalton.  green  cyanite.  rutiie,  scapolite,  pyrite, 
staurolite ;  at  the  Chester  County  Poor-house  limestone  quarry,  chesterUte !  in  crystals  im> 
planted  on  dolomite,  ruiHe  !  in  brilliant  scicuiar  crystalM,  which  ore  finely  terminated,  cal- 
cite in  scalenohedrons,  zoisite,  damourit^  f  in  radiated  groups  of  crystals  on  dolomite,  quarU 
tryataht ;  on  Smith  &  McMullin's  farm,  epidote. 

Ciiarlestown. — Pyromorphite^  cfirusaite,  galenite,  quartz. 

CovKNTRT.— Allanite,  near  Pughtown. 

South  Coventry.— In  Chrisman's  limestone  quarry,  near  Coventry  village,  angiic 
sphene,  g^raphite,  zircon  in  iron  ore  (about  half  a  mile  from  the  village). 

East  Fallowfield. — Soapstone. 

East  Gosiikn. — Serpentine,  aabentus,  magnetite  (loadstone),  garnet. 

Elk. — Menaccanite  with  muscovite,  chromite  ;  at  Lewisville,  black  tounnaUne. 

West  Goshen. — On  the  Barrens,  one  mile  north  of  We»t  Chester,  amianthus,  serpentine, 
cellular  quartz,  jasper,  chalcedony,  drusy  quartz,  chlorite,  marmolite,  indurated  talc,  mag' 
nesite  in  radiated  crystals  on  serpentine,  hematite,  asbeatvs  ;  near  R.  Taylor's  mill,  chromite 
in  octahedral  crystals,  deuceylUe^  radiated  mag  nesite,  aragonito,  atauroiite,  garnet,  asbestus, 
epidote;  zoitdte  on  hornblende  at  West  Chester  water- works  (not  accessible  at  present*. 

New  Garden. — At  Nivin's  limestone  quarry,  brown  tourmaline,  necronite^  scapolite,  apa- 
tite, brown  and  green  mica,  rutiie,  aragonite,  fibroUte,  kaoUnite^  tremolite. 

Keknktt. — Actinolite,  brown  tourmaline,  browu  mica,  ejiidote^  tremolite,  scapoHte,  ara- 
gonite  ;  on  Wm.  Cloud's  farm,  «i/nirt<7/<tf/  !  chubazite,  sphene.  At  Pearce's  old- mill,  zoisite, 
Cjftdote,  suHHtone  ;  sunstone  occurs  in  good  specimens  at  various  places  in  the  range  of  horn* 
blende  rocks  running  through  this  township  from  N  E.  to  S.W. 

Lower  Oxford. — Garnets,  pyrite  in  cubic  crystals. 

London  Grove.— Rutiie,  jasper,  chalcedony  (botryoidal),  large  and  rough  quartz  crystals, 
epidote ;  on  Wm .  Jackson's  farm,  yellow  and  black  tourmaline,  tremolite,  rutiie,  green  mica, 
apatite,  at  Pusey's  quarry,  rutiie,  tremolite. 

East  Marlboro uon.—On  the  faim  of  Baily  &  Brothers,  one  mile  south  of  Unionville, 
bright  yello'io  and  nearly  white  tm'rmnlme,  cheMerlite,  albite,  pyrite ;  near  Marlborough  meet- 
ing-house, epidote.  serpentine,  aoicular  black  tourmaline  in  white  quartz ;  zircon  in  small 
perfect  crystals,  loose  in  the  soil  at  Pusey's  saw-mill,  two  miles  S.  W.  of  Unionville. 

West  Marlborough.  —Near  Logan's  quarry,  staurolite.  cyanite.  yellow  tourmaline,  mtile^ 
garnets ;  near  Doe  Run  village,  hemtiti'e,  scapolite,  trem^Aite  ;  in  R.  Baily's  limestone  quarry, 
two  and  a  half  miles  S.W.  of  Unionville,  ^i/vt/«  trettioUtti,  cyanite,  scapolite. 

Newlin.— On  the  serpentine  barrens,  one  and  a  half  mile  N.E.  of  Unionville.  corftndum/ 
massive  and  crystallized,  also  in  crystals  in  albite,  often  in  loose  crystals  covered  with  a  thin 
coating  of  steatite,  spinel  (black),  talc,  picrolite,  brucite.  green  tourmaline  with  Hat  pymna- 
idal  terminations  in  albito,  unionite  (rare)  eupkyUUte,  mica  in  hexagonal  ci^itala,  J'eiihpaa 
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liryl/  in  hexagonal  cryslalfl,  one  of  which  weighs  51  Ihe.,  pyrite  in  cfblo  crystals,  chromic 
iron,  dro^y  quarts,  green  quarts,  aotinolite,  emeryUte^  ohloritoid,  diallage,  oliffoeUue;  oo 
Johnson  Patterson's  farm,  massive  corundvm^  titaniferous  iron,  eUnoelUore^  emeryUte^ 
iometimee  colored  green  by  chrome,  albite,  orthoeiase,  halloysite,  margarite,  garnets,  beryl; 
on  J.  Lesley's  farm,  corundum^  crri-tallized  and  in  mawiye  lumps,  one  of  which  weighed 
6,200  lbs.,  dicupore!  !  emerylitel  eupkyUite  orystaUieed /  green  tourmrUitie,  tranAparent 
crystals  in  the  etuphyUits,  orthoeiase;  two  miles  N.  of  Unionville,  magnetite  in  octahedral 
crystals;  one  mile  K  of  Unionville,  hematite;  in  Edwards's  old  limestone  quarry,  purple 
fluorite,  rutile. 

East  Nottinohau. — Sand  chrome,  asbeitus,  chramite  in  octahedral  crystals,  hallite,  beryl. 

West  Nottingham. — At  Scott^s  chrome  mine,  e^iromite^  foliated  tale,  marmoUte,  serpen 
tine,  ehaicedony^  rhodochrome;  near  Moro  Phillip's  chrome  mine,  a^bestue  ;  at  the  magnesia 
quarry,  detceylite,  marmolite,  magnesite,  leelite,  serpentine,  sand  chrome;  near  Fremont 
P.O.,  corundum. 

East  Pikeland.— Iron  ore. 

West  Pi  k bland. — In  the  iron  mines  near  Chester  Springs,  gibbeite^  mxon,  turgOe,  kmna- 
tUe  (stalactitical  and  in  geodcs),  gothite. 

Penn. — Garnets,  agolmatolite. 

Pbnnsburt. — On  John  Craig's  farm,  brown  gamete,  mica  ;  on  J.  Dilworth's  farm,  near 
Fairville,  myseoeite/  in  hexagonal  prisms  from  one-quarter  to  seven  inches  in  diameter ;  in 
the  village  of  Fairville,  iunetone  ;  near  Brinton's  f oid,  on  the  Brandy  wine,  ehondrodite,  ap/iene, 
diopside,  avgite,  coccolite ;  at  Mendenhall^s  old  limestone  quarry,  fetid  quartz,  sunstone ;  at 
Swain's  quarry,  crystals  of  orthoeiase. 

PocoPsoN. — On  the  farms  of  John  Entrikin  and  Jos.  B.  Darlington,  amethyst. 

Sadsbury. — ButUell  splendid  geniculated  crystals  are  found  loose  in  the  soil  for  seven 
miles  along  the  valley,  and  particularly  near  the  village  of  Parkesburg,  where  they  sometimes 
occur  weighing  one  pound,  doubly  geniculated  and  of  a  deep  red  color ;  near  Sadsbury  village, 
ametfiyetf  tourmaline,  epidote,  milk  guartst, 

Schuylkill. — In  the  railroad  tunnel  at  PH<ENixyiLLE,  dolomite!  sometimes  coated  with 
pyrite,  quaitz  crystals,  yellow  blende,  brookite,  caleite  in  hexagonal  crystals  enclosing  pyrite  ; 
at  the  Wiieatley,  Bkookdale,  and  Chester  County  lead  mines,  one  and  a  hiUf  mile 
S.  of  VhodmxYiile,  pyromorphite  /  cenusitef  gaienite,  anglenite!  /  quarts  crystals,  chaJcopy^ 
zlte,  barite,  fluorite  (white),  etckite,  wuifenite/  calamine^  vanadinite^  blende/  mimetite/ 
descloizite,  gothite,  chrysocoUa,  native  copper,  malachite,  aeurite^  limonite,  caleite,  sulphur^ 
pyrite,  melaconite,  pseudomalacfaite,  gersdorfflte,  ohalcocite?  covellite. 

Thornbury. — On  Jos.  H.  Brinton's  farm,  mtuicovite  oontBtimng  aoicular  crystals  of  tour- 
maline, rutile,  titaniferous  iron. 

Trbdyffrin. — Pyrite  in  cubic  crystals  loose  in  the  aoiL 

UwcHLAN. — ^Massive  blue  quartz,  graphite. 

W ARKKK. -^Melanite,  feldspar. 

West  (Goshen  (one  mile  from  West  Chester). — Chromite. 

WiLLisTOWN. — Magnetite,  e/iromite,  actinolite,  asbestus. 

West-Town.— On  the  serpentine  rocks,  3  miles  S.  of  West  Chester,  cUnocfihre  I  jefferisil&! 
mica,  asbestus,  actinolite,  magnesite,  talc,  titaniferous  iron,  magnetite  and  massive  tourma- 
line. 

East  Whiteland. — Pyrite,  in  very  perfect  cubic  crystals,  is  foimd  on  nearly  every  farm 
in  this  township,  quarts  crystals  found  loose  in  the  soiL 

West  Whiteland. — At  Gren.  Trimble's  iron  mine  (south-east),  italactitic  Jiematite! 
ioavelUte/  /  in  radiated  stalactites,  gibbsite,  coeruleolactile. 

Warwick. — At  the  Elizabeth  mine  and  Keim's  old  iron  oiine  adjoining,  one  mile  N.  of 
Knauertowu,  aplome  garnet/  in  brilliant  dodecahedrons,  florferri,  pyroxene,  micaceous  hema- 
tite, pyrite  in  bright  octahedral  cryKtals  in  caleite,  chrysocoUa,  chalcopyrite  massive  and  in 
single  tetrahedral  crystals,  magmdiite,  faecieular  hornblende/  bomite,  malachite,  brown  garnet, 
caleite,  byssolite  /  serpentine ;  near  the  village  of  St.  Mary's,  magnetite  in  dodecahedral 
crystals,  melanite,  garnet,  actinolite  in  small  radiated  noduleb ;  at  the  Hopewell  iron  minci 
one  mile  N.W.  of  St.  Mary's,  magnetite  in  octahedral  crystals. 

COLUMBIA  CO. — ^At  Webb's  mine,  yellow  blende  in  caleite ;  near  Bloomburg,  cryst.  mag 
netite. 

DAUPHIN  CO.— Near  HuHiCBRflTOWN.—Oreen  garnets,  cryst.  imoky  qttartz,  feldspar. 

DELAWARE  CO. — Aston  Township. —  Amethyst,  corundum,  emerylite,  staurolite,  jS^rp* 
Ute,  black  tourmaline,  margarite.  sunstone,  asbestus,  anthophylllte,  steatite*  near  Tyson*! 
mill,  garnet,  stanrolite ;  at  Peters  mill- dam  in  the  creek,  pyrope  garnet. 
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BnausGRAM.-'FibroUiej  kadUn  (abnndant),  crysttLiB  of  ratile,  (UMthifH;  at  Bullock's  old 

qnany,  zircon^  huchofziie^  naorite,  yellow  crystallized  quartz,  fddapar. 

Blub  Hill. — Green  quartz  otystals,  spineL 

Chester. — Amethyst^  black  taurmaline,  beryl^  erystaU  of  fddtpar^  garnet^  ctyst.  pyrite, 
molybdenite^  molybdite,  chaloopyrite,  kaolin,  uraninite,  muiwviU^  orthoolnaef  bismutite. 

CnicnESTER. — Near  Trainer's  mill-dam,  beryls  tourmaline,  dystalB  ot  feldspar^  kaolin ;  on 
Wm.  Eyre's  farm,  tourmaUne. 

CoNCOKD. — Crystals  ofmica^  crystals  of  feldspar,  kaolin  abundant,  drusy  quartz  of  a  blue 
and  green  color,  mc^erschaum,  stellated  trejnol&e,  some  of  the  rays  6^  in.  diameter,  antho- 
phylUte,  fibrulite,  acicular  crystals  of  rutile,  pyrope  in  quartz,  ametiiyst,  actinolite,  fnangane- 
sian  garnet^  befyl ;  in  Green's  creek,  pyrope  garnet. 

Dauby. — Blue  and  gray  cyanite,  garnet,  staurolite,  zoisite,  quartz,  beryl,  chlorite,  mica, 
limonite. 

Edgemont. — Amethyst y  oxide  of  manganese,  crystals  otfeHdapar;  one  mile  eaat  of  Edge 
moat  Hall,  rutUs  in  quartz. 

Gbken's  Cbbbk. — Oamet  (so-called  pyrope). 

Hayerford. — Staurolite  with  garnet. 

Marfle. — Tourmaline,  andaiusite,  amethyst,  aeUnotitSy  anUwphyOiUey  talc,  radiated  aetin- 
oUte  in  talc,  chromite,  draey  quartz,  beryl,  cryst.  pyrite,  menaccamte  in  quartz,  chlorite. 

Middletown. — Amethyst,  beiyl^  black  mica,  mica  with  reticulated  magnetite  between  the 
plates,  manganesian  garnets  !  large  trapezohedral  crysials,  some  8  in.  in  diameter,  indurated 
talc,  hexagonal  crystals  of  rutiU,  crybtaU  of  mica,  green  quartz!  anthopJiyUile,  radiated  tour- 
maline, staurolite,  titanic  iron,  fibrolite,  seipentme;  at  Lenni,  chlorite^  gieen  and  bronze 
vermteuUte/  green  feldspar  ;  at  Mineral  Hill,  fine  crystals  of  corundum,  one  of  which  weighs 
If  lb.,  actinoUte  in  great  variety,  bronzite,  green  feldspar,  moonstone,  suMUme,  graphic 
granite,  mognesite,  octahedral  crystals  of  chromiie  in  great  quantity,  beryl,  chalccdonj, 
asbestus,  fibrous  hornblende,  iiitile,  staurolite,  melanosiderite,  hallite ;  at  Painter's  Farm, 
near  Dismal  Run,  eircon  with  oligoclose,  tremolite,  tourmaline ;  at  the  Black  Horse,  near 
Media,  corundum ;  at  Hibbard's  Farm  and  at  Fairlamb's  Hill,  chromite  in  brilliant  octahe- 
drons. 

Newtown. — Serpentine,  hematite,  enstatite,  tremolite. 

Upper  Providence. — AntfwphyUite,  tremolite,  radiated  asbestus,  radiated  actinolite,  tour- 
maline, beryl,  green  feldspar,  ameViyst  (odo  found  on  Morgan  Hunter's  farm  weighing  orer  7 
lbs.),  andalvsite/  (one  terminated  crystal  found  on  the  farm  of  Jas.  Worrall  weighs  7^  lbs.) ; 
at  Blue  Hill,  very  fine  crystals  uf  blue  quartz  in  chlorite,  amiant/ius  in  serpentine,  zircon. 

Lower  Providence. — Amethyst,  green  mica,  garnet,  large  crystals  of  fddjipar!  (some 
over  10()  lbs.  in  weight). 

Radnor. — Oamet,  marmolite,  deweylite,  chromite,  asbestus,  magneaite,  talc,  blueqnaIti^ 
piorolite,  limonite,  magnetite. 

Springfield. — Andahmte,  UnirmaUne,  beryl,  titanic  iron,  garnet;  on  Fell's  Laurel  Hill, 
beryl,  garnet;  near  Beattie's  mill,  staurolite,  apatite;  near  Lewis's  paper-mill,  tourmaline^ 
mica. 

Thornbury.  — Am^hyst. 

HUNTINGDON  CO.— Near  Frankbtown.— In  the  bed  of  a  stream  and  on  the  side  of  a 
hill,  fibrous  celestite  (abundant),  quartz  crystals, 

LANCASTER  CO.— Drumorb  Township.— Quartz  crystals. 

Fulton. — At  Wood's  chrome  mine,  near  the  village  of  Texas,  brudtef  /  zaratite  (emerald 
nickel),  penrUtel  ripidoUte!  k&mmererite!  baltimorite,  chromic  iron,  williamsite,  chrysolite  / 
marmoUte,  pieroUte,  hydromagneidte,  dolomite^  magnesite,  nragonite,  calcite,  serpentine, 
hematite,  menaccanite,  genthite,  chrome-garnet,  bronzite,  millerito ;  at  Low's  mine,  hydro^ 
magnesite,  brudte  (lancasterite),  pierolite,  magnesite,  wilUamsite,  cJiratnic  iron,  ta'c,  zaratite, 
baltimorite,  serpentine,  hematite ;  on  M.  Boice's  farm,  one  mile  N.W.  of  the  village,  pyrite 
in  cubes  and  various  modifications,  anthophyUite ;  near  Bock  Springy,  cJuiUedony.  camelian, 
moss  agate,  green  tourmaUne  in  talc,  titanic  iron,  chromite,  octahedral  magftctite  in  c/dorite; 
at  Reynolds's  old  mine,  calcite,  tale,  pierolite,  cfiromite  ;  at  Carter's  chrome  mine,  brookite. 

Gap  Mines. — Chalcopyrite,  pyrr/iotite  (niccoliferous),  millerite  in  botryoidal  radiationa, 
^ianite  !  (rare),  actinolite,  siderite,  hisingerite,  pyrite. 

Pequba  Yallet. — Eight  miles  south  of  Lancaster,  argentiferous  galenite  (said  to  contain 
250  to  000  ounoes  of  silver  to  the  ton  ?),  vauquelinite,  rutile  at  Pequea  mine ;  four  miles  N.W. 
of  Lancaster,  on  the  Lancaster  and  Harrisburg  Railroad,  calnmite,  galenite,  blende  ;  pyrite  in 
cubic  crystals  is  found  in  g^at  abundance  near  the  city  of  Lancaster  ;  at  the  Lancaster 
mines,  calamine,  blende,  tennantite  ?  snithsonite  (pseud,  of  dolomite),  aufiehalciiz. 
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LKBANOfT  00.—CoiarwALJ4.-'Magnetite,  pyrUe  (oobaltiferoiu),  ohaloopyrite,  naUce  dop^ 
per,  aturiU^  maiaehite,  ohrpdocoQa,  cuprite  (hydxocaprite),  ailophane,  broehanUte,  aerpentiiie, 
quartz  pseudomorphs ;  gcUemte  (with  octahedral  oleavage),  llaorite,  ooyellite,  hemaate  (mi 
oaoeouB),  opal,  aabestuB. 

LEHIGH  CO  — ^Fbiedensvillb. — At  the  zinc  mines,  caiamine,  emitheontte,  hydrozinciie, 
massive  blende,  g^enookite,  quartz,  allophane,  zinciferous  day,  mountain  leather,  aragonite, 
sauconite ;  near  Allentown,  magnetite,  pipe-iron  ore ;  near  Bethlehem,  on  S.  Mountain, 
idianite,  with  zircon  and  altered  sphene  in  a  single  isolated  mass  of  lyenite,  magnetite,  mar- 
tite,  black  spinel,  tourmaline,  chalcocite. 

MIFFLIN  CO.— Strontianite. 

MONROE  CO.— In  Cherbt  Yallbt. — CakUe,  chaloedony,  quartz;  in  Poconao  Valley, 
near  Judge  Mervine^s,  cryst.  quartz. 

MONTGOMERY  CO. — Conshohocken. — Fibrous  tourmaline,  menaccanite,  ayenturine 
quartz,  phyllite ;  in  the  quany  of  Geo.  Bullock,  ealdte  in  hexagonal  prisms,  aragonite. 

LowEB  Pbotidence. — At  the  Perkiomen  lead  and  copper  mines,  near  the  Tillage  of 
Shannonville,  azurite.  blende,  galeiiite,  pyromorphite,  cerussite,  wulfenite,  anglesite,  l:^te, 
calamine,  chalcopyrite,  malachite,  chrysocolla,  hroun  epa/r^  cuprite,  covellite  (rare),  mela- 
oonite,  libethenite,  pseudomalachite. 

White  Marsh. — At  D.  O.  Hitner's  iron  mine,  five  and  a  half  miles  from  Spring  Mills, 
limonite  in  geodes  and  stalactites,  goMU,  pyrolusite,  wad,  lepidocrocite ;  at  Edge  Hill  Street, 
North  Pennsylvania  Railroad,  titanic  iron,  braunite,  pyrolusite;  one  mile  S.W.  of  Hitner^a 
iron  mine,  Umonite,  velvety,  stalactitic,  and  fibrous,  fibres  three  inches  long,  turgite,  gothUc, 
pyrolusite,  vdvet  manganese^  wad ;  near  Marble  Hall,  at  Hitner*s  marble  quarry,  white  mar- 
ble, granular  barite,  resembling  marble ;  at  Spring  Mills,  limonite,  pyrolusite,  gothite ;  at 
Flat  Rook  Tunnel,  opposite  Muiayunk,  atUbite^  heulandite,  ehabasite^  Uvaite,  beiyl,  feldspar, 
mica. 

Lafayette,  at  the  Soapstone  quarries. — Talc,  jefferisite,  garnet,  albite,  serpentine,  zoisite, 
vtaurolite,  chalcopyrite  ;  at  Rose's  Serpentine  quarry,  opposite  Lafayette,  enstatite,  serpen- 
tine. 

NORTHUMBERLAND  CO.— Opposite  Selim's  Grove. —Calamine. 

NORTHAMPTON  CO.— Bubhkill  Township.— Ciystal  Spring  on  Blue  Mountain,  guanrtt 
erystals. 

Near  Easton. — Zircon  I  (exhausted),  nephrite,  coccolite,  tremolite,  pyroxene,  sahlite, 
limonite,  magnetite,  purple  calcite. 

Williams  Township. — Pyrolusite  in  geodes  in  limonite  beds,  gothite  (lepidocrocite)  at 
Glendon. 

PHILADELPHIA  CO.— Frankford.— Titanite  In  gneiss,  apophyllite ;  on  the  Philadelphia, 
Trenton  and  Connecting  Railroad,  basanite ;  at  the  quarries  on  Frankford  Creek,  stilbite, 
molybdenite,  hornblende  ;  on  the  Connecting  Railroad,  wad,  earthy  cobalt ;  at  Chestnut  Hill, 
magnetite,  green  mica,  chalcopyrite,  fluorite. 

Fairmount  Water  Works. — In  the  quarries  opposite  Fairmount.  autvnitel  torhemiU 
crystals  otfeUdftpar^  beryl,  pseudomorphs  after  beryl,  tourmaline,  albite,  wad,  menaccanite. 

GouGAs'  and  Creasb^s  Lane. — Tourmaline,  cyanite,  staurolite,  homstone. 

Near  Germantown. — Black  tourmaline^  laumontite,  apatite;  York  Road,  tourmaline, 
beryl. 

Hestonyillb. — Alunogen,  iron  alum,  orthoclase. 

Heft's  Mill. — Alunogen,  tourmaline,  cyanite,  titanite. 

Manatunk. — ^At  the  soapstone  quarries  above  Manayunk,  talc,  steatite^  chlorite,  vermion- 
lite,  anViophyJHte,  staurolite,  dolomite,  apatite,  asbestus,  brown  spar,  epsomite. 

MEAGARaEB's  Paper-mill. — Staurolite,  titanic  iron,  hyalite,  apatite,  green  mica,  iron  gar* 
nets  in  great  abundance. 

McKinnbt's  Quarry,  on  Rittenhouse  Lane. — Feldspar,  apatite,  etiUnte,  natrolite,  liculan' 
dite^  epidote,  hornblende,  erubescite,  malachite. 

Schuylkill  Fall&— Chabazite,  titanite,  fluorite,  epidote,  muscovite,  tourmaline,  pro- 
chlorite. 

BCHUYLKILL  CO.— Tamaqua,  near  Pottsville,  in  coal  mxaeB.—KaoUnite^ 

YORK  CO. — Bornite,  rutile  in  slender  prisms  in  granular  quartz,  calcite. 
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DELAWAHB. 

NKWOASTLE  CO.— BRAin>TWiNB  SvRmQBr'-BueholgUe,  Jlbrolite  BX}jmdaaty  sahllte,  pyrox 
ene  ;  Brandy  wine  Hundred,  mnsoovite,  enclosing  reticulated  magnetite. 

DixoN*B  Feldspar  Quarries,  six  miles  N.  W.  of  Wilmington  (these  quarries  have  been 
worked  for  the  manufacture  of  porcelain). — Adulariay  aibiU^  oUgodase^  beryl^  apatite,  einna- 
man-ilOTie/  !  (both  granular  like  that  from  Ceylon,  and  crystallized,  rare),  magnesite,  serpen- 
tine, asbestus.  black  tovrmaUne!  (rare),  indieoUte/  (rare),  sphene  in  pyroxene,  cyanite. 

Ddpont'8  Powder  Mills.—'*  Hypersthene.*' 

Eastburn's  Limestone  Quarries,  near  the  Penn^lrauia  line. — TremoUU,  bronaU. 

QUARRTYILLB. — Gaxnet,  spodumene,  fibrolite. 

Near  Newark,  on  the  railroad. — Spherosiderite  on  drufiy  quartz,  jasper  (feimginous  opal), 
czyat.  spathic  iron  in  the  cavities  of  cellular  quarts. 

Way^s  Quarry,  two  miles  soutii  of  Centreville. — Fddspar  in  i\ne  cleavage  masseB,  apaUU^ 
micOy  deweylite.  granular  quartz, 

Wilmington. — In  Christiana  quarries,  metalbidal  diaJUage, 

Kennett  Turnpike,  near  Centreville. — Cyanite  and  garnet. 

HARFOED  CO.— Cerolite. 

KENT  CO.— Near  Middlktown,  in  Wm.  Polk*s  marl  pits.—  VimanOe/ 
On  CUBSAPEAKB  AND  DELAWARE  Canal. — Betinasphalt,  pyrite,  amber. 

SUSSEX  CO.— Near  Cape  Henlopen  — Vlvianite. 

MARYLAND. 

Baltimore  (Jones's  Palls,  H  mile  from  B.). — Chabazite  (haydenite),  heulandite  (bewa 
.montite  of  Levy),  pyrite,  lenticular  carbonate  of  iron,  mica,  sUlbite. 

Sixteen  miles  from  Baltimore,  on  the  Gunpowder. — OraphUe. 

Twenty- three  miles  from  B.,  on  the  Gunpowder. —  l^alo. 

Twenty -five  miles  from  B.,  on  the  Gunpowder. — Magnetite^  tpTiene,  pycnito. 

Thirty  miles  from  B.,  in  Montgomery  Co.,  on  farm  of  S.  Eliot. — Gold  in  quartz. 

Eight  to  twenty  miles  north  of  B.,  in  limestone. — IrenicUte,  augite,  pynte,  brown  and  yal 
low  tourmaline. 

Fifteen  miles  north  of  B. — Sky-hiue  chalcedony  in  granular  limestone. 

Eighteen  miles  north  of  B.,  at  Scott's  mills. — Magnetite^  cyanite. 

Bare  Hills. — ChramiU,  asbestus,  tremoUte,  talc,  hornblende,  serpentine,  chalcedony, 
meerschaum,  baltimorite,  chalcopyrite,  magnetite. 

Cape  Sable,  near  Magothy  R. — Amber,  pyrite,  alum  slate. 

Carroll  Co. — Near  Sykesville,  Liberty  Mines,  gold,  magnetite,  pyrite  (octahedrani),  dkaf- 
eapyrile,  linnseite  (carrollite) ;  at  Patapsco  Mines,  near  Finksbarg,  bomite,  malacfUte,  si^en- 
ite,  Unnceite,  remingtonite^  magnetite,  c/iaicopyrite ;  at  Mineral  Hill  mine,  bomite,  chalcopy- 
rite, ore  of  nickel  (see  above),  gold,  magnetite. 

Cecil  Co.,  north  part. — Chromite  in  serpentine. 

CooPi'OWN,  Harford  Co. — Olive -colored  tourmaline,  dialiage,  talc  of  green,  blue,  and  rose 
colors,  Ugniform  asbestus,  cJiromite,  serpentine. 

Deer  Creek. — Magnetite  I  in  chlorite  slate. 

Frederick  Co. — Old  Liberty  mine,  near  Liberty  Town,  black  copper,  malachite,  chaloo- 
oile,  specular  iron ;  at  Dollyhyde  mine,  bornite,  chalcopyrite,  pyrite,  argentiferous  galenite  in 
dolomite. 

Montgomery  Co.— Oxide  of  manganese, 

BoMRRSii>T  and  Worcester  Cos.,  north  part. — Bog-iron  orCy  vivianite. 

St.  Mary*s  River. — Gypsum/  in  clay. 

PTLESVILLE,  Harford  Co. — Asbestus  mine. 

VIRGINIA.  AND  DISTRICT  OF  COLUMBIA. 

Albemarle  Co.,  a  little  west  of  the  Green  Mts. — Steatite,  grapJUte,  galenite. 
Amherst  Co.,  along  the  west  base  of  Buffalo  ridge. — Copper  ores,  allanite,  eta 
Auo€8TA  Co. — At  Weyer's  (or  Weirds)  cave,  sixteen  miles  northeast  of  Staunton,  aiKf 
eighty- one  miles  northwest  of  Richmond,  calcite,  stalactites. 
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BuCKlNGHAH  Oo.— QM  at  Ckunett  and  Moseley  mines,  also,  pyiite,  pyrrhotite,  caldte, 
garnet ;  at  Eldiidge  mine  (now  London  and  Yirefinia  mines)  near  by,  and  the  Bnokingham 
mines  near  Mays^e,  gold,  anriferons  pyrite,  chaloopyrite,  tennantlte,  harite;  eyamU^  tour- 
maUns^  actiiioUte. 

Oh£8T£IIFIELD  Oo. — Near  thia  and  Richmond  Co.  bituminona  ooal,  natiTe  coke. 

CuLFEPPEB  Co.,  on  Rapidan  river. — Gold,  pyrite. 

Franklin  Co.— Grayish  steatite. 

Fauquier  Co.,  Bamett^s  mills. — ^Asbestos,  gold  mines,  barite^  caloiU. 

Fluvanna  Co. — Gold  at  Stockton^s  mine ;  also  tetxadymite  at  **  Tellurium  mine.** 

Phenjx  Copper  mines. — Ohaleopyrite^  eta 

Georgetown,  D.  C— Rutile. 

Goochland  Co.  —Gold  mines  (Moss  and  Bosby's). 

Harper's  Ferrt,  on  both  sides  of  the  Potomaa — Thuringite  (owenite)  with  quarts. 

Jefferson  Co.,  at  Shepherdstown. —Fluor. 

Kbnawha  Co. — At  Kenawha,  petroleum^  brine  springs,  oannel  coal. 

Loudon  Co. — T(jJ>idar  quart*,  (Prase,  pyrite,  tale,  ehiorite,  eoapatone,  asbestns,  chromUe^ 
actinoUte^  quartz  erystala  ;  niioaeeous  iron^  bomite,  malachite,  epidote,  near  Leesburg  (Poto- 
mac mine). 

Louisa  Co. — ^Walton  gold  mine,  gold,  pyrite,  chaloopyrite,  argentiferous  galenite,  siderite, 
blende,  anglesite  ;  boolangerite,  blende  (at  Tinder's  mine). 

Nelson  Co. — Galenite,  chaloopyrite,  malachite. 

Orange  Co. — ^Western  part,  Blue  Ridge,  specular  iron;  gold  at  the  Orange  Grove  and 
Yaucluse  gold  mines,  worked  by  the  **  Freehold ''  and  *' Liberty"  Mining  Companies. 

Rockbridge  Co.  ,  three  miles  southwest  of  Lexington. — Barite. 

Shenandoah  Co.,  near  Woodstock. — Fluorite. 

Mt.  Alto.  Blue  Ridge. — ^Aigillaoeous  iron  ore. 

Spottsylyania  Co.,  two  niiles  northeast  of  Chancellorville. — Cyanite  ;  gold  mines  at  the 

{'unction  of  the  Rappahannock  and  Rapidan ;  on  the  Rappahannock  (Marshall  mine) ;  White- 
lall  mine,  affording  also  tetradymite. 

Stafford  Co.  ,  eight  or  ten  miles  from  Falmouth — ^Mioaoeous  iron,  gold,  tetradymite,  sil- 
ver, galenite,  vivianite. 

Wasqington  Co.,  eighteen  miles  from  Abing^n. — Bock  salt  with  gypsvm. 
Wythe  Co.  (Austin^s  mines). — CerussUe,  minium,  plumbic  ochre,  blende,  calamine,  galenite^ 
graphite. 

On  the  Potomac,  twenty-five  miles  north  of  Watihinglon  city. — Native  eul/phur  in  gray 
compact  limestone. 

NORTH  CAROLINA. 

Ashe  Co. — Malachite,  chaloopyrite. 

Buncombe  Co.,  (now  called  Maduson  Co). — Corundum  (from  a  boulder),  margarite^  corun- 
dophilite,  garnet,  chromite,  barite,  fluorite,  rutile,  iron  ores,  manganese,  zircon ;  at  Swan- 
nanoa  Gap,  cyanite. 

Burke  Co. — Gold,  monazite,  zircon,  beryl,  corundum,  garnet,  sphene,  grapIUte,  iron  ores, 
tetradymite,  montanite. 

Cabakrus  Co. — Phenix  Mine,  gold,  barite,  c/takopyrite,  auriferous  pyrite,  quartz,  pseudo* 
morph  after  barite.  tetradymite,  montanite  ;  Pioneer  mines,  gold,  limonite,  pyrolusite,  b^irn- 
harditey  wolfram^  ^chedite,  cuprotungstite,  tungstite,  diamond,  chrysocolla,  chalcocite,  molyb- 
denite, cJialoopyrite,  pyrite  ;  White  mine,  needle  ore,  chaloopyrite,  barite ;  Long  and  Muse'a 
mine,  argentiferous  galenite,  pyrite,  chalcopyrite,  limonite ;  Bog^r  mine,  tetradymite ;  Fink 
mine,  valuable  copper  ores ;  Mt.  Makins,  tetrahedrite,  magnetite,  talc,  blende,  pyrite,  prou» 
tite,  galenite  ;  Bangle  mine,  scheelite. 

Caldwell  Co. — Chromite. 

Chatham  Co. — Mineral  coal,  pyrite,  chloritoid. 

Cherokee  Co. — Iron  ores,  gold,  galenite.  corundum,  mtile,  cyanite,  damonite. 

Cleveland  Co. — Whito  Plaius,  quivrtz^  crystals,  tmoiey  quartz^  tourmaline,  rutUe  in  quarts. 
*  Clay  Co. — At  the  CuUakenee  Mine  and  elsewhere,  corundum  (pink),  zoisite,  tourmaline, 
marg^rite,  willcoxite,  dndleyite. 

Davidson  Co. — King's,  now  Washington  mine,  native,  silver,  cerussite,  anglesite,  scheelite, 
pyromorphite,  galenite,  blende,  malachite,  black  copper,  toavelHte,  garnet,  stilbite  ;  five  miles 
from  Washington  mine,  on  Faust^s  farm,  gold,  tetradymite,  oxide  of  bismuth  and  tellurium, 
montanite,  chaloopyrite,  limonite,  spathic  iron,  epidote ;  near  Squire  Ward's,  gold  in  crys- 
tals, electrum. 

Franklin  Co. — ^Ar.  Partiss  mine,  diamonds. 

Gaston  Co. — Iron  ores,  oorundum,  margarite;   near  Crowder^s  Mountain  (in  what  was 
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formexlj  Linooln  Co.),  kunUite,  eyanite,  garnet^  giaphite ;  also  twenty  miles  northeMt, 
Bouth  end  of  Glubb's  Mtn.,  laznlite,  (^anite,  talc,  ratUe,  topas,  pf/ropkyUite ;  King's  Moan- 
tain  (or  Briggs)  Mine,  native  tellariam,  oltaite,  tedradymite,  montanite. 

Guilford  Go. — McGulloch  copper  and  gold  mine,  twelve  miles  from  Greensboro*,  gcid^ 
pyrite,  cJuilcopyrite  (worked  for  copper),  quartz^  siderite.  The  North  Carolina  Copper  Co.  axe 
working  the  copper  ore  at  the  old  Fentress  mine ;  at  Deep  Biver,  compact  pyrophffiUe 
(worked  for  slate-pencils). 

Hatwood  Qo. — Corundum,  margarite,  damonrite. 

Hendbbson  Co. — Zircon,  spbene  (xanthitane). 

Jackson  Co. — Alunogen?  at  Smoky  Mt.;  at  Webster,  serpentine,  chromite,  genthite, 
ekrysdiU^  talc;  Hoghalt  Mt,  pink  oonindnm,  margarite,  tourmaline. 

Lincoln  Co. — Dmmond  ;  at  Bondleman^s.  amet/tytt,  rose  quartz. 

Macon  Co. — Franklin,  Culsagee  Mine,  corundum,  spinel,  diaspore,  tourmaline,  damonrite, 
prochlorite,  culsageeite,  kerrite,  maconite. 

McDowell  Co. — Brookite,  monasite,  oorondnm  in  small  oiystals  red  and  white,  nrwmSy 
garnet,  beryl,  sphene,  zenotime,  rutile,  elaatio  sandstone,  iron  ores,  pyromelane,  tetrady- 
mite,  montanite. 

Madison  Co. — 20  miles  from  Asheville,  oomndum,  maxgarite,  chlorite. 

Mecklenburg  (^o. — ^Near  Charlotte  (Bhea  and  Cathay  mines)  and  elsewhere,  chalcopSfHiej 
gold ;  ohalcotrichite  at  McGinn^s  mine ;  bamhardtite  near  Charlotte ;  pyrophyllite  in  Cot- 
ton Stone  Mountain,  diamond ;  Flowe  mine,  scheelite,  wolframite ;  Todd's  Branch,  mano' 
nt€. 

MiTcnELL  Co. — Sarnarskits^  pyrochlore  (?),  euxenite,  oolumbite,  musoNfiie. 

MoNTGOMEBT  Co. — Steele's  mine,  ripidolite,  albite. 

MooBE  Co. — Carbonton,  compact  pyrophyllite. 

Bo  WAN  Co. — Gold  Hill  Mines,  thirty-eight  miles  northeast  of  Charlotte,  and  fonrteen 
from  Salisbury,  gold,  aurif erooa  pyrite  ;  ten  miles  from  Salisbuiy,  fddgpar  in  crystals,  bit- 
muthinite, 

Bandolph  Co.— PyrophylUte. 

BUTHEBFOBD  Co.—Uold^  graphite,  bismnthio  gold,  diamond,  enolase,  p9eudomorphau$ 
quartz  f,  chalcedony,  corundum  in  small  crystals,  epidots,  pyrope.  brookite,  zircon,  monazite, 
ratherfordite,  samarskite,  qu4Ji/rU  crystals,  itacolnmyte;  on  the  road  to  Cooper's  Gap, 
cyanite. 

Stokes  and  Subry  Cos. — Iron  ores,  graphite. 

Union  Co. — Lemmond  gold  mine,  eighteen  miles  from  Conoord  (at  Stewart^s  and  Moore*« 
mine),  gold,  quartz,  blende,  argentiferous  galenite  (containing  29*4  os.  of  gold  and  86*5  oil 
of  silver  to  the  ton,  Genth),  pyrite,  some  chalcopyrite. 

Yancey  Co. — Iron  ores,  amianthus,  chromite,  garnet  (spesnxtite),  samarskite. 

SOUTH  CABOLIKA. 

Abbbyille. — DiST. — Oakland  Gruve,  gold  (Dom  mine),  galenite,  pyromoiphite,  amethyrt, 
garnet. 

Anderson  Dist. — At  Pendleton,  actinoUte,  galenite,  kaolin,  tourmaline, 

Charleston.  — BeLenUe, 

Cheowbe  Valley.  —Galenite,  tourmaline,  gold. 

Chesterfield  Dist.— Gold  (Brewer's  mine),  talc,  chlorite,  pyrophyllite,  pyrite,  native 
bismuth,  carbonate  of  bismuth,  red  and  yellow  ochre,  whetstone,  enargite. 

Darlington.— Kaolin. 

Edgefield  Dist. — Psilomelane. 

Greenville  Dist. — Galenite,  pyromorphite,  kaolin,  chalcedony  m  buhrstone,  beiyl, 
plumbago,  epidote,  tourmaline. 

Kershaw  Dist Rutile. 

Lancaster  Dist.— Gold  (Hale^s  mine),  talc,  chlorite,  cyanite,  elastic  sandstone,  pyrite; 
gold  also  at  Blackman's  mine,  Massey*s  mine,  Esell's  mine. 

Laurens  Dist. — Corundum,  damourite.  • 

Newberry  Dist. — Leadhillite. 

Picken's  Dist. — Gold,  manganese  ores,  kaolin. 

Biciiland  Dist.  — Chiastolite,  novaculite. 

Spartanburg  Dist. — Magnetite,  chalcedony,  hmatite ;  at  the  Cowpens,  limonite,  grmpkUi 
limestone,  copperas  *  Morgan  mine,  leadhillite,  pyromorphite,  ceruasite. 

Suhtbr  Dist. —Agate. 

Union  Dist. — Fairforest  gold  mines,  pyrite,  chalcopyrite. 

ToBK  Dist.- liimestoncs,  whetstones,  witherite,  barite,  tetradymite. 
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GBOBGIA. 

BoBKK  Ain>  ScRiTEN  Oo8. — Hyalite. 

Ghebokee  Co. — At  Canton  MLie,  ohaloopjrite,  galenite,  daosthalite,  plambogammitei 
Aitdhoockite,  arsenopyrite^  lanthanite,  hartisite,  ccmtonite^  pTiomozphite,  antomolite,  dzM^ 
atanrolitef  cyanite ;  at  Ball-Gronnd,  apodamene. 

Clark  Co.,  near  Clarkaville. — Gold,  xenotime^  airoon,  mtile,  ojanite,  hematite,  gaznet, 
inartz. 

Dade  Co.— HaHoyaite,  near  Biaing  Fawn. 

Fannin  Co. — SCauroUte/  ohaloopyzite. 

HABERsnAM  Co. — QM^  pyrite,  Ghaloopyrite,  gdlenite,  hornblende,  garnet,  qoarta,  kaolinite, 
•oapatone,  chlorite,  mtiU,  iron  orea,  tonrmaline,  ataorollte,  airoon. 

Hall  Co. — GM,  qnaztz,  kaolin,  diamond. 

Hancock  Co. — Agate,  ohaloedonj. 

Heard  Co. — Molyhdite^  qnarta. 

IiiNCOLN  Co. — lAUuUte/7  rtUHe/f  hematite,  oyanite,  menaocanite,  pyrophyBiUs^  gold, 
itaoolamyte  rock. 

IiOWNS  Co. — Corandum. 

Lumpkin  Co. — At  Field'a  gold  mine,  near  Da^lonegat^olel,  UUradipnUe^  pyrrhotite,  ehlorite, 
menaocanite,  allanite,  apatite. 

Rabun  Co.— Gold,  cJicUeopyriU, 

Bpauldino  Co. — Tetzadymite. 

Wabhington  Co.  ,  near  Saonderayille. —  WcndUte^  flre  cpaL 

ALABABfA. 

Bibb  Co.,  CentreTille. — Iron  ore»y  marble,  baritey  <x>al,  oobalt. 

Tuscaloosa  Co. — Coal,  galenite,  pyrite,  Tivianlte,  limonite,  oaldte,  dolomite,  oyanite, 
■teatite,  quartz  ciyatala,  manganese  ores. 
Benton  Co. — ^Antimonial  lead  ore  fbonlangerite?) 
Tallapoosa  Co.,  at  Dadleyyille. — Corandum,  spinel,  tourmaline. 

FLOBIDA. 

Hear  Tampa  Bat. — Limeatone,  sulphur  apringa,  ohaloedonj,  oamelian,  agate,  ailioifled 
aheUa  and  oorala. 

KENTUCKY. 

Anderson  Co.— Galenite,  barite. 
Clinton  Co.— Geodea  of  quarts. 
Crittenden  Co. — Galenite,  fluorite,  caldte. 

Cumberland  Co. — ^At  mammoth  Oave,  ffypsum  rmetteaf  oaloite,  atalaotitea,  nitre,  ep« 
aomite. 
Fatbttb  Co. — Six  milea  N.E.  of  Lexington,  galenite,  barite,  witherite,  blende. 
LnriNOSTONE  Co.,  near  the  line  of  Union  Co.— ^Galenite,  ohaloopyrite,  large  vein  of  fluorite. 
Mercer  Co. — ^At  MoAfee,  fluorite^  P9^i^^  oaloite,  barite,  oeleatite. 
Owen  Co.— Galenite,  barite. 

TBNKBSSBE. 

Brown*8  Creek.— Galenite,  blende,  barite,  oeleatite. 

Carter's  Co.,  foot  of  Boan  Mt. — SaMite^  magnetite. 

Claiborne  Co. — Calamine,  galenite,  smithsonite,  chlorite,  steatite,  magnetite. 

OocKE  Co.,  near  Brush  Creek. — Caooxene?  kraurite,  iron  sinter,  atilpnoaiderite,  browfl 
hematite. 

Datidbon  Co. — Selenite,  with  granular  and  anowy  gj.piumy  or  alabaster,  orystallised  and 
eompaot  anhydriU,  fluorite  in  ctystals?  oaleite  in  cryatals.  Near  Nai^yiUe,  blue  odeetiti^ 
(oKyataUiaed,  fibrous,  and  radiated),  with  haHte  in  limeatone.  Hayaboro*,  galenite,  blendOf 
with  barite  as  the  gangue  of  the  ore* 

DzoxsoN  Co.— Manganite. 
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Jeffbbson  Co,— OalaminSj  galenite,  fetid  barite. 

Knox  Go. — Ifagnesian  limestone,  native  iron,  wiriegated  marblm  ! 

Maort  Co. — ^Wavellite  in  limestone. 

Morgan  Co. — Bpsom  salt,  nitrate  of  lime. 

Polk  Co.,  Ducktown  mines,  southeast  oomer  of  State. — ^Melaconite,  clialoopTiite,  pjvita, 
native  copper,  bomite,  mtile,  taisite,  galenite,  harrmle,  idisonite,  blende,  pyroxene^  trmkoHi^ 
nUphates  afoapp'V  and  iron  in  stalactites,  allophane,  rahtite,  chaJoodte  (ducktownite),  ohal- 
oo&]chit«,  azurite,  malachite,  pyrrhoiite,  limonite. 

Roan  Co.,  eastern  declivity  of  Cumberland  Mts. — ^Wavellite  in  limestone. 

Setier  Co.,  in  caverns. — ^Epeom  salt,  soda  alum,  saltpetre,  nitrate  of  lime,  breccia  marhU, 

Smith  Co. — Flnorite. 

SiiOKY  Mt.,  on  declivity. — Hornblende,  garnet,  stanrolite. 

White  Go.—IfUTe. 

OHIO. 

BAmBRn>OB  (Copperas  Mt,  a  few  miles  east  of  B.). — Calcite,  barite,  pyrite.  oopperss, 
ilnm. 
Can  field  . — Qjfpaum  I 
Duck  Creek,  Monroe  Ca — Petroleum. 

Lake  Erie. — Strontian  Island,  celestitel  Put-in  Bay  Island,  eeiesHte!  sulphur/  caldte. 
Li  VERPOOL.  — Petroleum. 

Marietta. — ^Argillaceous  iron  ore ;  iron  ore  abundant  also  in  Sdoto  and  Lawrence  Cos. 
Ottawa  Co.— Gypsum. 
Poland. — Qypeum  I 

MICHIGAN. 

Bbbbt  (Monroe  Co.). — Caldte^  amethystine  quarts,  apatite,  oelestite. 

Grand  Rapids. — Selenite,  fib.  and  granular  gypsum,  ealdte^  dolomite,  anhydrite, 

*Lake  Superior  Mining  Region. — ^The  four  principal  regions  are  Keweenaw  Point,  Isle 
Royale,  the  Ontonagon,  and  Portage  Lake.  The  mines  of  Keweenaw  Point  are  along  two 
ranges  of  elevation,  one  known  as  the  Greenstone  Range,  and  the  other  as  the  Southern  or 
Bohemian  Range  (Whitney) .  The  copper  occurs  in  the  trap  or  amygdaloid,  and  in  the  asso- 
ciaced  conglomerate.  Native  copper  I  native  silver  1  chalcopyrite,  horn  silver,  tetrahedrite, 
manganese  ores,  epidote,  prehnite^  laumontiUy  datolite^  heulandite,  orthodase,  analdte^  oha- 
bazite,  compact  datoHte,  chiysocolla,  mesotype  (Copper  FaUs  mine),  lemihftrdite  (ib.),  analdU 
(ib.),  apophyllite  (at  Cliff  mine),  iJDoUastonite  (ib.),  calcite,  quartz  (in  crystals  at  Minnesota 
mine),  compact  datolite,  orthoclase  (Superior  mine),  saponite,  melaconite  (near  Copper  Har- 
bor, but  exhausted),  chrysocolla ;  on  Chocolate  River,  galenite  and  sulphide  of  copper;  chal- 
copyrite and  native  copper  at  Presq*  Isle ;  at  Albion  mine,  dom^kite  ;  at  Prince  Vein,  bariU^ 
calcite,  amethyst;  at  Michipinoten  Ids.,  copper  nickel,  stilbite,  analcite  ;  at  Albany  and  Bos- 
ton mine,  Portage  Lake,  prehnite,  anaJdte^  orthoclfue,  cuprite ;  at  Sheldon  location,  domey^ 
kUCy  whitneyite,  aJgodonite  ;  Isle  Roy  ale  mine,  Portage  Lake,  compact  datolite;  Quincy  mine, 
calcite,  compact  datolite.  At  the  Spurr  Mountain  Iron  mine  (magnetite),  chlorite  pseudo- 
morph  after  garnet. 

Marquette. — Manganite,  galenite ;  twelve  miles  west  at  Jackson  Mt.,  and  other  mines, 
hematite^  limonite^  gdthUel  magnetite,  jasper. 

Monroe. — ^Aragonite,  apatite. 

Point  aux  Pkaux  (Monroe  Co.). — Amethystine  quarts,  apatite,  oelestite,  caldte, 

Saginaw  Bat. — At  Alabaster,  gypsum. 

Stont  Point  (Monroe  Co.). — ^Apatite,  amethystine  quarts,  oelestite,  caldte. 

ILLINOIS. 

Gallatin  Co.,  on  a  branch  of  Grand  Pierre  Creek,  sizteeu  to  thirty  miles  from  ShaWnee* 
bpwzi.  down  the  Ohio,  and  from  half  to  eight  miles  from  this  river. —  Yio'et  fiaorite  /  in  oar 
tx>niierouB  limestone,  barite,  galenite,  blende,  brown  iron  ore. 

Hancock  Co. — At  Warsaw,  quarts geodes/  containing  caldte/  chalcedony ^  dolomite,  blende* 
brcwn  spar,  pyrite,  aragonite,  gypsum,  bitumen. 


*  See  also  Pumpelly :   on  the  Paragenesis  of  copper  and  its  associate  minerals  on  Lake 
Bttpeii<»     Am.  J.  Ssi.,  Ill«,  z,  17. 
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Habbin  Go.— Near  Romclaia,  ealcUe,  galenite,  blende ;  fire  miles  back  from  EUiabeth 
town,  bog-iron ;  one  mile  north  of  the  river,  between  Elizabethtown  and  Rosiolare,  nitre, 

Jo  Dayi£8  Co. — At  Galena,  galenite,  caldte,  pyrits^  blende;  at Marsden's digginga,  galena 
Ue  /  blende,  eerussite^  maroosite  in  stalactitio  forma,  pyrite. 

JoLiBT.  — Marble* 

QumoY.—Caleite/  pyrite. 

8CALB8  'SHoxjVD^—Barite,  pjrite. 

INDIANA. 

LiMESTONB  Gavebns  ;  Gorydon  Gaves,  etc. — Bpsom  salt. 

In  most  of  the  southwest  counties,  pyrUe^  iron  eiUphate^  and  feather  alum ;  on  Sngai 
Greek,  pyrite  and  iron  sulphate;  in  sandstone  of  Lloyd  Go.,  near  tiie  Ohio,  gppeum  ;  at  thf 
top  of  the  bine  limestone  formation,  brown  spar^  ealcite, 

Lawrbncb  Go.— Spice  Yalle,  kaolinite  (=indianaite). 

MINNESOTA. 

North  Shore  of  L.  Superior)  range  of  hills  running  nearly  northeast  and  soutbwesti 
extending  from  Fond  da  Lao  Superieure  to  the  Kamanistiqueia  River  in  Upper  Ganada).— 
Scalecite,  apophylUte,  prehnite,  etilbite,  lauinontite,  heulandite,  harmototne,  thomsonite,  fltiorite, 
barite,  tourmdUne^  epidote,  hornblende,  ealcite,  quartz  crystals,  pyrite,  magnetite,  stea- 
tite, blende,  black  ozyd  of  copper,  malachite,  native  copper,  chaicopyrite,  amethystine 
quartz,  ferruginous  quartz,  chalcedony,  cameUan,  agate,  drusy  quartz,  hyalite?  fibrous  quarts, 
jasper,  prase  (in  the  debris  of  the  lake  shore),  dogtooth,  spar,  augite,  native  silver,  spodumene  ! 
chlorite :  between  Pigeon  Point  and  Fond  du  Lao,  near  Baptism  Biver,  saponite  (thalite)  in 
amygdaloid.  "^ 

Kettle  Biyer  Trap  Banob. —Epidote,  nail-head  ealcite,  amethystine  quartz,  ealcite, 
undetermined  zeolites,  saponite.  * 

Stillwater.  —Blende. 

Falls  of  the  St.  Groiz. — Malachite,  native  copper,  epidote,  nail-head  spar. 

Baint  Lake. — Actinolite,  tremolite,  fibrous  hornblende,  garnet,  pyrite,  magnetite,  steafcitei 

WISGONSm. 

Bia  Bull  Falls  (near).— Bog  Iron. 

Blue  Mounds. — Gerussite. 

Hazle  Greek. — Galcite. 

Lao  Du  Flambeau  B.— Garnet,  cyanite. 

Left  Hand  B.  (near  smaU  tributary). — ^Malachite,  chalcodte,  native  copper,  red  coppei 
ore,  eai'thy  malachite,  epidote,  chlorite  ?  quartz  ciystals. 

Linden. —  OaUnite,  smit/uonite,  hydronndte. 

MiNBRAL  Point  and  vicinity. — Gopper  and  lead  ores,  chiysocoUa,  aturite/  chalcopyrite. 
malachite,  galenite,  cerussite,  anglesite,  blende,  pyrite,  barite,  eaieite,  marcadte,  amithionite} 
(so-called  ** dry-bone"). 

Montreal  River  Portage.— C^enite  in  gneissoid  gpranite. 

Sank  Go. — Hematite,  malachite,  ohalcopyrite. 

BmjLJAmuiLQ.'^Oalenite /  blende,  pyrite ;  at  Emmet's  digging,  galenite  and  pyrite« 

IOWA. 

Du  Buqub  Lead  Mikes,  and  elsewhere.  ^G^a^^nt^/  caldte,  blende,  black  otide  of  man* 
ganese ;  at  Ewing's  and  Sherard's  diggings,  amitheanite^  calamine ;  at  Des  Moines,  quarts 
oxystals,  selenite ;  Makoqueta  B.,  brown  iron  ore;  near  Dnrango,  galenite. 

Gedar  Biyer,  a  branch  of  the  Des  Moines. — 8elenite  in  crystals,  in  the  bittiiiilnous  shale 
of  the  coal  measures  ;  also  elsewhere  on  the  Des  Moines,  gy(>sum  abundant ;  atgillaceous 
iron  ore^  spathic  iron ;  copperas  in  crystals  on  the  Des  Moines^  above  the  Moath  (if  Saap 
and  elsewhere,  pyrite^  blende. 

Fort  "DoDQ^.-'CekHite. 

Makoqueta — Hematite. 

New  Galena.— Octahedral  galenite,  angleait*. 
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MISS0T7BI. 

BiRicraoHAM.  — Limonite. 

Grakbt. — Sphalerite^  gaienite^  oalamine,  ffreenookite.  as  a  coating  on  sphalerite. 

Jefferson  Co.,  at  Valleys  diggings. — Salenite^  eerueaite,  angleaite,  oaUunine,  chaloopj 
cite  malachite,  azurite,  witherite. 

Mike  <&  Burtok. — Qaienitej  eeruseUe,  angleeite,  barite,  calcite. 

Deep  Diooinos. — ^Malachite,  eerusaite  in  dystala  and  manganese  oze. 

Madison  Go.— Wolframite. 

Mine  La  Mottb. — 6^a<0ii»^a  /  malachite,  earthy  eobalt  and  nieket^  bog  manganese,  salph- 
ide  of  iron  and  nickel,  eenueite^  caledonite,  plumbogummite,  w61framite,  eUgemte^  smaltite, 
aragonite. 

St.  I1OUI& — MSUeriU^  calcite,  dolomite,  earthy  barite,  flnorite. 

8t.  Francis  BiyEB.~Wolframite. 

Perrt^s  DiGOiNas,  and  elsewhere. — Galenite,  etc. 

Forty  miles  west  of  the  Mississippi  and  ninety  sonth  of  St.  Lonls,  the  iron  moontaina, 
speoolar  iron,  limonite ;  10  m.  east  of  Ironton,  wolframite,  tnngstite. 

ABKANSAS. 

Batbstillb. — In  bed  of  White  B.,  some  mUes  above  Batesville,  gold. 

Green  Go. — Near  GeinesyiUe,  lignite. 

Hot  Springs  Co. — At  Hot  Springs,  wavdUU,  thnringite ;  Magnet  Cove,  hrookite/  eehor- 
UmuU^  eUBcUiSy  magnetite,  quartz,  green  oooooJite,  garnet,  apatite,  perofskUe  (hydrotitanite), 
ratile,  ripidolite,  thomsonite  (oxarldte),  microcline,  SBgirlte. 

Independence  Co. — Lafferay  Cre^  psilomelane. 

Lawrence  Co. — Hoppe,  Bath,  and  Koch  mines,  smUheoniU^  dolomite,  galenite ;  nitre. 

Marion  Co. — Wood^s  mine,  smithsonite,  hydrozinoite  (marionite),  galenite ;  Poke  bayoa, 
Iraitnitet 

GcTAcaiTA  Springs.— Qu/irtef  whetstones. 

Pulaski  Co.'— Kellogg  mine,  10  m.  north  of  Little  Bock,  tetrahedritej  tennantite^  nacrite 
galenite,  blende,  quartz. 

CALIFOBNIA. 

The  principal  gold  nwiea  of  California  are  in  Tulare,  Fresno,  Mariposa,  Tuolumne,  Gala- 
Tevas,  El  Dorado,  Placer,  Nevada,  Tuba,  Sierra,  Butte,  Plumas,  Shasta,  Siskiyou,  and  Del 
Norte  counties,  although  gold  is  found  in  almost  every  county  of  the  State.  The  gold  oooun 
in  quartz,  associated  with  sulphides  of  iron,  copper,  zinc,  and  lead ;  in  Calaveras  and  Tuo- 
lomne  counties,  at  the  Mellones,  Stanislaus,  Golden  Bule,  and  Bawhide  mines,  associated 
with  tellurides  of  gold  and  silver ;  it  is  also  laively  obtained  from  placer  diggings,  and  further 
It  is  found  in  beach  washings  in  Del  Norte  and  Klamath  counties. 

The  eapper  mines  are  principally  at  or  near  Copperopolis,  in  Calveras  county ;  near  Genesee 
Valley,  in  Plumas  county ;  near  Low  Divide,  in  Del  Norte  county ;  on  the  north  fork  of 
Smith's  Biver ;  at  Soledad,  in  Los  Angeles  county. 

The  inereury  mines  are  at  or  noar  New  Almaden  and  North  Almaden,  in  Santa  Clara  county; 
nt  New  Idria  and  San  Carlos,  Monterey  county ;  in  San  Luis  Obispo  county ;  at  Pioneer 
mine,  and  other  localities  in  Lake  county ;  in  Santa  Barbara  county. 

Alpine  Co. — Morning  Star  mine,  enargite^  stephanite,  polybasite,  barite,  quarts,  pyrite, 
tetrahedite. 

Ahador  Co. — ^At  Volcano,  chalcedony.  hyaUU* 

Alameda  Co. — ^Diabolo  Bange^  magnesite. 

Butte  Co.— Cherokee  Flat,  duimond^  platinum,  iridosmine. 

Calaveras  Co. — Copperopolis,  ehaleopyriU,  malachite,  agurite^  serpentine^  pierolite,  native 
copper,  near  Murphy*s,  jasper,  opal ;  aibite,  with  gold  and  pyrite ;  Mellones  mine,  ealaeerits^ 
pebiU, 

GoNTRA-CosTA  Co.— San  Antonio,  ohalcedony. 

Del  North  Co. — Creaoent  City,  agate,  camelian;  Low  Divide,  chaloopyrite,  boznitft, 
malachite ;  on  the  coast,  iridosmine,  plaV.nurr. 

El  Dorado  Co. — ^Pilot  Hill,  chalcopyriu» ,  near  Qeoigetown,  hessite,  from  placer  dig« 
giags;  Boger^s  Claim,  Hope  Valley,  grossular  garnet^  in  copper  ore;  Coloma,  ehromite, 
ipMiiah  Dqr  Diggings,  gold;  Granite  Chreek,  rosooelite,  gold. 
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jptXRBNO  Oo. — Ghowohillas,  aridahtiiU, 

Humboldt  Oo. — Cryptomorphite. 

Inoo  Ck). — Jngo  district,  galenUe^  eeruMiU^  anglesite,  barite^  ataoamite,  oaidte,  gio8Sii(af 

Lake  Go. — Bonv  Lake,  b&raxi  eaasolite,  glauberite  ;  Pioneer  mine,  cinnabar,  native  mer- 
eiii7f  Belenide  of  mercury ;  near  the  Geyeers,  solphur,  hyalite ;  Redington  mine,  metacinna* 
barite.  * 

Los  Angeles  Co.— Near  Santa  Anna  RiTer,  anhydrite;  Williams  Pass,  chalcedony; 
Boledad  mines,  chalcopyrite,  garnet^  gypsum ;  Mountain  Meadows,  garnet,  in  copper  ore. 

Mariposa  Co.— Chalcopyrite,  itacolumyte;  Centreville,  cinnabar;  Pine  Tree  Mine,  tetra- 
hedrite  ;  Burns  Oreek,  limonite ;  Geyer  Gulch,  pyrophyllite  ;  La  Victoria  mine,  azuriU  I  neai 
Coulterville.  cinnabar^  gold. 

Mono  Co. — ^Parteite. 

Monterey  Co.— Alisal  Mine,  arsenic ;  near  Paneches,  chalcedony ;  New  Idria  mine,  cin- 
nabar;  near  New  Idria,  chromite,  zaratite,  chrome  garnet;  near  Pacheco^s  Pass,  stibnite. 

Nevada  Co. — GraflH  Valley  gold/  in  quartz  veins,  with  pyrite,  chalcopyrite,  blende, 
arsenopyrite,  galenite,  quartt^  biotite  ;  near  Truckee  Pass,  gypsum  ;  Excelsior  Mine,  molyb- 
denite, with  molybdenite  and  gold  ;  Sweet  Land,  pyrolusite. 

Placer  Co.— Miner's  Bavine,  epidoU!  with  qvartz,  gold. 

Pluicas  Co.— Genesee  Valley,  chalcopyrite ;  Hope  mines,  bornite,  sulphur. 

Santa  Barbara  Co. —San  Amedio  Cafion,  stibnite,  asphaltum,  bitumen,  maltha,  petrO' 
leum,  cinnabar,  iodide  of  mercury  ;  Santa  Clara  River,  sulphur. 

San  Diego  Co. — Carisso  Creek,  gypsum  ;  San  Isabel,  tourmaline,  orthoclase,  garnet 

San  Francisco  Co. — Red  Island,  pyrolusite  and  manganese  ores. 

Santa  Clara  Co. — New  Almaden,  dnnahar^  cahite,  aragonUe^  serpentine,  chrysolite, 
quartz,  aragotite ;  North  Almaden,  chromite ;  Mt.  Diabolo  Range,  magnesite,  datolite,  with 
yesuvianite  and  garnet. 

San  Luis  Obispo  Co. — Asphaltum,  cinnabar,  native  mercury. 

San  Bernardino  Co. — Colorado  River,  agate,  trona ;  Temesoal.  cassiterite ;  Russ  Dis- 
trict, galenite,  cerussite  ;  Francis  mine,  cerargyrite. 

Shasta  Co. — Near  Shasta  City,  hematite,  in  large  masses. 

Siskiyou  Co. — Surprise  VaJley,  selenite,  in  large  slabs. 

Sonoma  Oo — Actinolite.  garnets. 

Tulare  Co. — Near  Visalia,  magnesite,  asp'-alt-im. 

Tuolumne  Co.— Tourmaline,  tremolite;  Sonora,  graphite;  York  Tent,  chromite;  Golden 
Rule  mine,  peUitey  ealaverite,  altaite,  hcssite,  magnesite,  tetrahedrite,  gold  ;  Whiskey  Hill 
gold/ 

Trinity  Co. — Cassiterite,  a  single  specimen  found. 

LOWER  CALIFORNDL 
La  Paz. — Ouprosoheelite.     Lorbtto. — Natrolite,  siderite,  selenite. 

UTAH. 

Beaver  Co  — Bismuthinite.  bismite,  bismutite. 

TiNTic  District. — At  the  Shoebridge  mine,  the  Dragon  mine,  and  the  Mammoth  veiu, 
inargite  with  pyrite. 

Box  Elder  Co.— Empire  mine,  wulfenite! 

In  the  Wahpatch  and  Oquirrh  mountains  there  are  extensive  mines,  especially  of  ores  ol 
lead  rich  in  silver.  At  the  Emma  mine  occur  galenite,  cervantite,  cerussite,  wulfenite, 
asurite,  malachite,  calamine,  anglesite,  linarite,  sphalerite,  pyrite,  argentite,  stephanite, 
etc.     At  the  Lucky  Boy  mine,  Batteriield  Canon.,  orpiment,  realgar. 

One  hundre<l  and  twenty  miles  south-west  of  Salt  Lake  Oity,  topaz  has  been  found  in  oolor 
tess  crj  stais. 

NEVADA. 

Oarson  Valley.— Chrysolite. 

OHURcniLL  Co. — Near  Ragtown,  ga^-liiss'te.  trona,  common  salt. 

OoMSTocK  Lodb.— Gold,  natice  h  oei\  argeiUite,  step/irmite.  po'.i/btmte.  pyn^grtite,  prou» 
idte,  tetrahedrite,  cerargyrite,  pyrite,  chalcopyrite,  galenite,  blende,  pyromorphite,  allemov 
>ite,  arsenoUte»  quart*,  oaliutid,  gypsum,  cerussite,  cuprite,  wulfenite,  amethyst^  kiisttlito. 

32 
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B0MBRALDA  Go. — Alam,  12  m.  north  of  SQTer  Creek ;  at  Anxon,  fluorite,  stibnite ; 
Mono  Lake,  naLive  copper  and  cuprite,  obeidian  ;  Columbus  district,  olexite  ;  Walker  Lake, 
gypsum,  hematite  ;  Silver  Peak,  salt,  saltpetre,  sulphur,  silver  ores. 

Humboldt  District. — Shebamine,  native  silver,  jamssonite,  stibnite,  tetraludrite,  proa* 
tite.  blende,  uernssite,  calcite,  boumonite,  pyrite,  ip^lenite,  malachite,  xanthocone  {f) 

Mammoth  District. — Orthoclase^  turqaois,  hUbnerite^  scheelite. 

IU&E0E  River  Dibtbict. — Native  silver,  proustite,  pyrargyrite,  stephanite,  Uende,  poly- 
basite,  rhodochrosite.  embolite,  tett  ahedrite  /  oerai)^te,  embolite. 

San  Amtonia. — Belmont  mine,  stetefeldtite. 

Six  Mile  Ca^on. — delenits. 

Ormbbt  Co.— W.  of  Carson,  epidote, 

Btorst  Co.  —Alum,  natrolite,  soolesite. 

ASIZONA. 

On  and  near  the  Colorado,  gold,  silver,  and  copper  mines ;  at  Bill  Williams'  Fork,  cbiy- 
socolla.  malachite,  atacamite,  brochantite ;  Dayton  Lode,  gold,  fluorite,  oerajcgjrite :  Skinniei 
Lode,  octahedral  fluorite ;  at  various  places  in  Uie  southern  part  of  the  territory,  silver  and 
copper  mines ;  Heintzelmann  mine,  strameyerite,  chalcocite.  tetrahedrite,  atacamite.  Mont- 
gomezy  mine,  Harsayampa  Dist,  tetradymite.     Whitneyite,  in  Southern  Arizona. 


OREGON. 

Gold  is  obtained  from  beach  washings  on  the  southern  coast ;  quarts  mines  and  placei 
mines  in  the  Josephine  district ;  also  on  the  Powder,  Burnt,  and  John  Day's  rivers,  and  othex 
places  in  eastern  Oregon ;  platinum,  iridosmine,  laurile,  on  the  Rog^e  River,  at  Port  OxfordL, 
and  Cape  Blanco.     In  Curry  Co. ,  priceite. 

IDAHO. 

Id  the  Oviryhee,  Boi^e,  and  Flint  districts,  pM,  also  extensive  silver  mines ;  Poor  Man  Lode, 
eerargyrite  /  praustite,  pyrargyritel  native  silver,  gold,  pyromorphite,  quanz,  maiachiM- 
polybasite;  on  Jordan  Creek,  stream  tin;  Rising  Star  mine,  stephanite^  argentite,  pyrazgy 
rite. 

MONTANA. 

Many  mines  of  gold,  etc.,  west  of  the  Missouri  R.    Highland  District. — Tetradymite 
Silver  Star  Dist. — ^Psittadnito. 

In  the  Yellowstone  Park,  in  Montana  and  Wyoming  Territories. — OeyseriU, — Amethyst 
ehaicedony,  quarts  oiystals,  quartz  on  calcite,  etc. 


COLORADO.* 

The  principal  gold  mines  of  Colorado  are  in  Boulder,  Gilpin,  Clear  Creek,  and  Jefferson 
Cos.,  on  a  line  of  country  a  few  miles  W.  of  Denver,  extending  from  Long's  Peak  to  Pike's 
Peak.  A  large  portion  of  the  gold  is  associated  with  veins  of  pyrite  and  chalcopyrite ;  silver 
and  lead  mines  are  at  and  near  Georgetown,  Clear  Creek  Co. ,  and  to  the  westward  in  Sum- 
mit Co.,  on  Snake  and  Swan  rivers. 

At  the  Georgetown  mines  are  found :— native  silver,  pyrargyrite,  argentite,  tetrahedrite, 
pyromorphite,  galenite,  sphalerite,  azurite,  aragonite,  barite,  nnorite,  mica. 

Trail  Crekk. — G^amet,  epidote,  hornblende,  chlorite ;  at  the  Freeland  Lode,  tetrahedrite, 
tennantite,  anglesite,  caledonite,  oerussite,  tenorite,  siderite,  azurite,  minium  ;  at  the  Cham- 
pion Lode,  t«jnorite,  azurite,  chrysocolla,  malachite;  at  the  Gold  Belt  Lode,  vivianite;  at 
the  Kelly  Lo<ie,  tenorite ;  at  the  Coyote  Lode,  malachite,  cyanotriohite. 

Near  liLACK  Hawk.— At  Willis  Gulch,  enargite.  fluorite.  pyrite ;  at  the  Gilpin  County 
Lode,  ocrargyrite  ;  on  Gregory  Hill,  feldspar;  North  Clear  Creek,  lievrite. — OaieniUl 

*  See  the  Catalogue  of  Minerals  of  Colorado  by  J.  Alden  Smith. 
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Bbak  Greek. — Flnorite,  beryl;  near  the  Malachite  Lode,  Mo^aehUe^  cuprite^  Tesarianitfy 
topazolite ;  Liberty  Lode,  chalcocite. 

Snake  River. — Penn  District,  embolite;  at  several  lodes,  pyrargyrite,  native  silver, 
azurite. 

BussET.L  District. — Delaware  Lode,  chrdcopyrite,  crystallized  galenite. — ^Epidote,  pyrito. 

Virginia  CA>iON. — Epidote,  fluoritc  ;  at  the  Crystal  Lode,  native  silver,  spinel. 

Sugar  Loaf  District. — Chalcocite,  pyrrhotite,  tramet  (manganesian). 

Central  City. — Garnet,  tenorite ;  at  Leavitt  Lode,  molybdenite;  on  Gonnell  HUl,  mag 
netite  ;  at  the  Pleasantview  mine,  oemssite. 

Golden  City. — Aragonite. 

Bergen*8  Ranche. — Garnet,  actinolite,  calcite. 

Boulder  Co.,  Red  Cloud  Mine. — ^Native  tellurinm,  altaite,  hessite  (petzite),  ^ylvanite, 
oalavente,  schirmerite. 

Lake  City,  at  the  Hotchkiss  Lode. — Petzite,  calaverite  (?),  eta 

Pike's  Peak,  on  Elk  Creek. — AmassdmUme  !  J  itmoky  qwarUl  aneniurine  fdiapair^  am« 
thysty  cUhiUy  flaorite,  hematite,  anhydrite  (rare),  colmnbite. 

CANADA. 

CANADA  EAST. 

Arbrcroicbie. — Labradorite. 

Bay  St.  Paul.  —Menna&sanUe  I  apatite,  allanite,  ratile  (or  brookite  f) 

Aubert.  —  Gold,  irldosmine,  platinnm. 

Bolton.  —  Ghromite.  magnesite,  serpentine,  piorolite,  steatite,  bitter  spar,  wad. 

BoucuERViLLE. — AugiU  in  trap. 

Bromk. — Magnetite^  chalcopyrite,  iphene^  menaocanite,  phyllite,  sodalite,  oanorinite, 
galenite,  ohloritoid. 

CoAMBLY.— Analcite,  chabasite  and  calcite  in  trachyte,  meTMceanite, 

Chateau  Richer.— Z^&r<x<2(7r» to,  Jiyperftthene^  andesite. 

Daillebout. — Bine  spinel  with  olintonite. 

Grenville. — ^WoUastonite,  ephene^  vesuvianite,  calcite,  pyroxene,  steatite  (rensselaerifee), 
garnet  (cinnamon-stone),  nroo/i,  graphite,  scapaUte. 

Hah. — Chromite  in  serpentine,  diallage,  antimony/  sejutrmantite /  kermente^  wdentmUe^ 
stibnite. 

Inverness. — Variegated  copper. 

Lake  St.  Francis. — Andaltuite  in  mica  slate. 

Landsdown.  ^Biiite. 

Leeds. — Dolomite,  chalcopyrite,  gold,  ehbritoid. 

Mills  Isles. — Labradorite!  menaocanite,  hypersthene,  andesite,  eirean. 

Montreal. — Galdte,  augit-e^  spheue  in  trap,  chrysolite,  natroUte,  dawsonite. 

MoRiN. — Spkene,  apatite,  labradorite. 

Orpord. — White  garnet,  chrome  garnet,  miUerite,  serpentine. 

Ottawa.-^  Pyroxene, 

PoLToN. — Chromite,  steatite,  serpentine,  amianthus, 

RouoEMONT. — Augite  in  trap. 

Sherbrook. — At  Saffield  mine,  eUbite/  native  sUeer,  aigentite,  chalcopyrite,  blende. 

St.  Armand. — Micaceous  iron  ore  with  quartz,  epidote. 

St.  FraN(,x)I8  Beauce. — Gold,  platinum,  iridosmine,  menaocanite,  magnetite,  8erpentin6» 
chromite,  soapsbone,  barite. 

St.  Jeiiomu. — Sphene,  apatite,  ehondrodUCy  pMogopite,  tourmcdine,  tircon^  molybdenite, 
pyrrhotite. 

St.  Nordert. — Amethyst  in  greenstone. 

Stukeley. — SerpentiDC,  verd-antique  /  schiller  spar. 

SvTroy.— Magnetite  in  fine  crystals,  hematite,  rutUs,  dolomite,  magnesite,  ohromiferoaf 
tide,  bitter  spar,  steatite. 

Upton. — Chalcopyrite,  malachite,  oaldte. 

Vaudrbuil. — Limonite,  vivianlte. 

Yamaska.— Sphene  in  trap. 

CANADA  WBST. 

Arnprior. — Calcite. 

Balsam  Lake. — Molybdenite,  scapolite,  quarts,  pyroxene,  pyrite. 
Brantford.— Sulphuric  add  spring  (4  2  parts  of  pure  sulphurio  acid  in  1000). 
Bathurst. — Barite,  black  tourmaline,  perthite  (oithodaae),  peristerite  (albite),  bytmtmi§i 
pyroxene,  wilsonite,  soapolite,  apatite,  titanite. 
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Brocktille.— Pyiitei 

Broke. —Magnetite. 

Brucb  Mines. — Galdte^  dolomite,  quartz,  chaloopyilte. 

'BTmQE?8.—P;yroxene,  albite,  mica,  sapphire,  sphene,  chaloopjrite,  tipaUte^  Kads  tpimtit 
Bpodumene  [in  a  boulder),  serpentine,  biotite. 

Bttowk. — Caldte,  bytovmite^  chondrodite,  spinel 

Gape  Ifperwash,  Lake  Huron. — Oxalite  in  shales. 

Clarendon. —  VeswoiaTUte, 

Dalhousie. — Hornblende,  dolomite. 

Druhmund.  — Labraddrite. 

Elizabethtown.— P;^rrA0^»'^  jT^to,  calcite,  magnetite,  talo,  phlogopite,  siderite,  apa- 
tite, cacozenite. 

Elmset. — Pyroxene,  sphene,  feldspar,  tourmaline,  apatite,  biotite,  zircon,  red  spinel, 
chondrodite. 

FiTZROY. — Amber,  brown  t&urmaUne,  in  quartz. 

GkETiNEAU  BiYER,  Blasdell^s  Mills. — Calcite,  apatite,  tourmaline,  hornblende,  pyroxeno, 

Graitd  Calumet  Island. — Apatite,  phlogopite  /  pyroxene  !  sphene,  vesutianite  1 1  serpen- 
tine, tremolite,  scapoliUy  brown  and  black  tourmaline  /  pyrite,  loganite. 

High  Falls  of  the  Madawaska. — Pyroxene/  hornblende. 

Hull. — Magnetite,  garnet,  g^phite. 

HnNTER8T0WN. — Scapolite,  itphene,  vesuvianite,  garnet,  broum  tourmaHne! 

Huntington. — CaJeite  I 

Inniskillen. —Petroleum. 

K1NG8TON. — CeJesUte. 

Lac  des  Chats,  Island  Portage. — Brown  tourmaline  !  pyrite,  calcite,  quartik 

Lanark. — Baphilite  (hornblende),  serpentine,  asbestus. 

Landstown. — Barite  I  vein  27  in.  wide,  and  fine  crystals. 

M  ADOO.  — Magnetite. 

Mamora. — Magnetite,  chalcolite,  garnet,  epsomite,  specular  iron. 

Maimanbr. — Pitchblende  (coracite). 

McNab. — Hemadte,  barite. 

MiCHiFicoTEN  Island,  Lake  Superior. — Domeykite,  niecolitej  gentMttk 

Newrorough. — Chondrodite,  graphite. 

Packenham.— Hornblende. 

Perth. — Apatite  in  large  beds,  phlogopite. 

South  Cuosbt. —Chondrodite  in  limestone,  magnetite. 

St.  Adklb.— Chondrodite  in  limestone. 

St.  Ignace  Island. — Calcite,  native  copper. 

Stderham.  — Celestite. 

Terraob  Cove,  Lake  Superior. — Molybdenite. 

Wallace  Mine,  Lake  Huron. — Hematite,  nickel  ore,  nickel  vitriol. 

NEW  BBITNSWICK* 

Alrrrt  Co. — Hopewell,  gypsum ;  Albert  mines,  coal  (albertite) ;  Shepody  Moimtaiii, 
alunite  in  clay,  calcite,  iron  pyrites,  manganite,  psilomelane,  pyrolttnte. 

Carleton  Co. — Woodstock,  chalcopyrite,  hematite,  limonite,  wad. 

Charlotte  Co.  —  Campobello,  at  Welchpool,  blende,  chalcopyrite,  bomite,  galenite, 
pyrite ;  at  head  of  Harbor  de  Lute,  galenite  ;  Deer  Island,  on  west  side,  calcite,  magnetite, 
quartz  crystals;  Digdignash  Biver  on  west  side  of  entrance,  calcite/  (in  conglomerate), 
chalcedony ;  at  Boiling  Dam,  graphite ;  Grandmanan,  between  Northern  Head  and  Dark 
Harbor,  agate,  amethyst,  apopJiyllite,  calcite,  hematite,  heulandite,  jasper,  magnetite,  natro^ 
lite,  stilbite ;  at  Whale  Cove,  calcite  /  heulandite,  laumontite,  stilbite,  semi-opal/  Wagagua- 
davic  Biver,  at  entrance,  azurite,  chalcopyrite  in  veins,  malachite. 

Gloucester  Co. — Tete-a-Gouche  River,  eight  miles  from  Bathurst,  chalcopyrite  (mined), 
ocdde  of  manganese/  /  formerly  mined. 

Kings  Co. — Sussex,  near  Cleans  mills,  on  road  to  Belleisle,  argentiferous  galenite ;  one 
mile  north  of  Baxter's  Inn,  specular  iron  in  crystals,  limonite ;  on  Capt.  McCready*s  farm, 
idmUte// 

Bbstiooucite  Co. — Belledune  Point,  calcite/  serpentine,  verd-anHgtte ;  Dalhousie,  agate, 
otmelian. 


*  For  a  more  complete  list  of  localities  in  New  Brunswick,  Nova  Scotia,  and  Newfoimd 
land,  see  catalogue  Iqr  0.  a  Marsh,  Aul  J.  Sci,  II.  zzzv.  210,  1863. 
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Baiht  John  Go. — Blaok  River,  on  coast,  calcite,  chlorite,  chalo«4»7rite,  hemtUiUl  Brandy 
Brook,  epidote,  hornblende^  quartz  crystals ;  Garleton,  near  Falls,  (»Jcite ;  Chance  Harbor, 
tcUdU  in  quartz  yeins,  chlorite  in  argillaceous  and  talcose  slate ;  Little  Dipper  Harbor,  od 
west  side,  in  gfreenstone,  amethyst,  barite,  quartz  crystals  ;  Moosepath,  feldspar,  hornblende, 
musoovite,  black  tourmaline ;  Musquash,  on  east  side  harbor,  copperas,  graphite,  pyrite  ;  at 
Shannon's,  chrysolite,  serpentine ;  east  side  of  Musquash,  quartz  crystals !  ;  Portland,  a( 
Uie  Falls,  graphite ;  at  Fort  Howe  Hill,  ealdte^  graphite  ;  Crow's  Nest,  asbestus,  chrysolite, 
magnetite,  serpentine^  steatite;  Lily  Lake,  white  augite?  chrysolite,  graphite,  serpentine 
■teatite,  talo;  How'sRoad,  two  miles  out,  epidote  (in  syenite),  steatite  in  limestone,  treTuo 
lite;  Drury^s  Cove,  graphite,  pyrite,  pyrallolite  ?  indurated  talc ;  Quaco,  at  Lighthouse  Point, 
large  bed  oxyd  of  manganese ;  Sheldon's  Point,  actinolite,  asbestus,  calcite,  epidote,  mala- 
chite, specular  iron ;  Cape  Spenser,  asbestus,  calcite,  chlorite,  specular  iron  (in  crystals) ; 
Westbeach,  at  east  end,  on  Evans'  farm,  chlorite,  talc,  quartz  crystals  ;  half  a  mile  west, 
chlorite,  chalcopyrite,  magnesite  (vein),  magnetite ;  Point  Wolf  and  Salmon  Biver,  asbestus, 
chlorite,  chrysocolla,  chalcopyrite,  bomite,  pyrite. 

ViOTOBiA  Co. — Tabique  River,  agate,  carnelian,  jasper;  at  mouth,  south  side,  g^alenite ; 
at  mouth  of  Wapskanegan,  gypsum,  salt  spring ;  three  miles  above,  stalactites  (abundant) ; 
Quisabis  River,  blue  phosphate  of  iron,  in  day. 

Westmobbland  Co.— Bellevne,  pyrite;  Dorcester,  on  Taylor's  farm,  cannel  coal;  clay 
ironstone  ;  on  Ayres's  farm,  asphaltum,  petroleum  spring ;  Grandlance,  apatite,  selenite  (in 
large  crystals) ;  Memramcook,  coal  (albertite) ;  Shediao,  four  miles  up  Scadoue  River,  ooal. 

YoBK  Co. — Near  Fredericton,  stibnite,  jamesonite,  berthierite ;  Pokiock  River,  stibnite^ 
tin  pyrites  f  in  granite  (rare). 

NOVA  SCOTLA 

AlTNAPOLis  Co. — Chute's  Cove,  apoyhylUte^  natrolite;  Gates'  Mountain,  onaloite,  ma^o* 
tite,  mesolite/  natrolite,  stilbite ;  Martial's  Cove,  analdte!  chabasite,  keulandite;  Moose 
River,  beds  of  magnetite ;  Nict^u  River,  at  the  Falls,  bed  of  hematite  ;  Paradise  River,  black 
tourmalin '',  tmoky  quartz/ / ;  Port  George,  faroelite,  laumontite,  mesolite,  stilbite;  east  of 
Port  George,  on  coast,  apophyllite  containing  gyrolite  ;  Peter's  Point,  west  side  of  Stonock's 
Brook,  apophyllite  !  calcite,  heulandite,  Idurnontite  /  (abundant),  native  oopper,  stilbite  ;  St. 
Croix  Cove,  chabazite,  heulandite. 

Colchester  Co.— Five  Islands,  East  River,  barite/  calcite,  dolomite  (ankerite),  hematite, 
chalcopyrite ;  Indian  Point,  malachite,  magnetite,  red  copper,  tetrahedrite ;  Pinnacle  Islands, 
amildte,  calcite,  chnbazite!  natrolite,  siliceous  sinter;  Londonderry,  on  branch  of  Great 
Village  River,  barite^  ankerite,  hematite,  limonite,  magnetite ;  Cook's  Brook,  ankerite,  hema- 
tite ;  Martin's  Brook,  hematite,  limonite ;  at  Folly  River,  below  Falls,  ankerite.  pyrite  ;  on 
high  land,  east  of  river,  ankerite,  hematite,  limonite ;  on  Archibald's  laud,  ankerite,  barite^ 
hematite;  Salmon  River,  south  branch  of,  chalcopyrite,  hematite;  Shnbenacadie  River, 
anhydrite,  calcite,  barite,  hematite,  oxide  of  manganese ;  at  the  Canal,  pyrite ;  Stewiacke 
River,  barite  (in  limestone). 

Cumberland  Co. — Cape  Chiegnecto,  barite;  Cape  D'Or,  analcite,  apophyllite/ /  chaba- 
site, faroelite,  laumontite,  mesolite^  malachite,  natrolite^  native  copper,  obsidian,  red  copper 
(rare),  vivianite  (rare);  Horse- shoe  Cove,  east  side  of  Clape  D'Or,  analcite,  calcite,  stilbite; 
lele  Haute,  south  side,  analcite,  apophyllite/ /  calcite,  heulandite/ /  natrolite,  mesolite,  sUl- 
bite/  Joggins,  coal,  hematite,  limonite;  malachite  and  tetrahedrite  at  Seaman's  Brook: 
Partridge  Island,  analcite,  apophyllite/  (rare),  ametiiyst/  agate,  apatite  (rare),  calcite/ 1 
chabazite  (acadialite),  chalcedony,  cat's-eye  (rare),  gypsum,  hematite,  Jieulandite  /  magne- 
tite, stilbite  /  /  ;  Swan's  Creek,  west  side,  near  the  Point,  calcite,  gypsum,  hrculandite,  pyrite : 
east  side,  at  Waason's  Bluff  and  vicinity,  analcite/  /  apophyllite/  (rare),  calcite,  chabazite/ / 
(acadialite),  gypsum,  heulandite/ /  natrolite/  siliceous  sinter;  Two  Islands,  moss  agate, 
analcite,  calcite,  chabazite,  Jieulandite ;  McKay's  Head,  analcite,  calcite,  heulandite,  siliceous 
sinter/ 

DiQBY  Co. — Brier  Island,  native  copper,  in  trap;  Digby  Neck,  Sandy  Cove  and  vicinity, 
CLgate^  amethyst,  ealeite,  e/iabnzite,  hematite/  laumontite  (abundant),  magnetite,  stUbite. 
quartz  ciystiUs;  Gulliver's  Hole,  magnetite,  stilbite/ ;  Mink  Cove,  amethyst,  c/icUfozite/ 
quartz  crystals;  Nichols  Mountain,  south  side,  anuthyst,  magnetite/ ;  Williams  Brook, 
near  source,  chabasite  (green),  heulandite,  stilbite,  quartz  crystaL 

GuYSBOBO'  Co. — Cape  Canseau,  andalusite, 

Halifax  Co. — Gay^s  river,  galenite  in  limestone ;  southwest  of  Halifax,  garnet,  staurolite, 
tourmaline :  Tangier,  gold/  in  quartz  veins  in  clay  slate,  associated  with  auriferous  pyrites, 
galenite,  hematite,  mispickel,  and  magnetite ;  gold  has  also  been  found  in  the  same  forma- 
tion, at  Country  Harbor,  Fort  Clarence,  Isaac's  Harbor,  Indian  Harbor,  Laidlow*8  form. 
Iiawrencetown,  Sherbrooke,  Salmon  River,  Wine  Cove,  and  other  places. 
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Hants  Go. — GheTerie,  oxide  of  manganese  (in  limeBtone) ;  Petite  Biver,  gypsum,  ozide  of 
manganese ;  Windsor,  calcite,  oryptomoiphite  (boronatrooalGite),  howlite,  glauber  dult.  ^le 
last  three  minerals  ore  found  in  beds  of  gypsum. 

Kings  Go. — ^Black  Bock,  centrallassite,  oerinite ;  pyanolite ;  a  few  miles  east  of  Black 
Bock,  prehnite  If  stilldU  / ;  Gape  Blomidon,  on  the  coast  between  the  cape  and  Gape  Split, 
the  following  minerals  occur  in  many  places  (some  of  the  best  localities  are  nearly  ojyposate 
Gape  Sharp) :  aiialeiU/  /  agate,  amd/ipst/  apophyUUs/  caloite,  chalcedony,  chabazite,  gme- 
Unite  (ledererite),  hematite,  h&ulancUte/  lanmontite,  magnetite,  malachite,  mettoiite,  natlTe 
copper  (rare),  natrolite !  psilomelane,  stiUnte  /  thomnonite.  faroelite,  quartz;  North  Moun- 
tains, amethyst,  bloodstone  (rare),  ferruffinaus  quartz^  meaolite  (in  soil) ;  Long  Point,  Ato 
miles  went  of  Black  "Rock,  heulandite,  laumontite / /  Btitbitel I ;  Morden,  OfXfphyUite^  tnar- 
denite  ;  Scot's  Bay,  agate^  amethyst,  chalcedony^  mesoUte,  natrolite ;  Woodworth's  Gove,  a 
few  miles  west  of  Scot's  Bay,  agate  I  chalcedony  !  Jaaper. 

LUNKNBUBQ  Go. — Ghester,  (^Id  Biver,  gold  in  qoarts,  pyrite,  mispickel ;  Gape  la  Hbto, 
pyrite ;  The  '^  Ovens,"  goldj  pyrite,  arsenopyrite ;  Petite  Biver,  gold  in  slate. 

PiCTOU  Go. — ^Picton,  jet,  oxide  of  manganese,  limonite ;  at  Boder's  Hill,  six  miles  west  of 
Picton.  barite ;  on  Garribon  Biver,  gray  copper  and  malachite  in  lignite ;  at  Albion  mines, 
ooal,  limonite ;  East  Biver,  limonite. 

Queens  Go. — ^Westfield,  gold  in  quartz,  pyrite,  arsenopyrite ;  Five  Bivers,  near  Big  Fall, 
gold  in  quartas,  pyrite,  arsenopyrite,  limonite. 

BiCHHOND  Go. — ^West  of  Plaister  Gove,  barite  and  calcite  in  sandstone ;  nearer  the  Gove, 
calcite,  fiuorite  (blue),  siderite. 

Shblbubne  Go. — Shelbume,  near  mouth  of  harbor,  garnets  (in  gneiss);  near  the  town, 
rose  quartz ;  at  Jordan  and  Sable  Biver,  staurolite  (abundant),  schiller  spar. 

Sydney  Go. — Hills  east  of  Lochaber  Lake,  pyrite,  chalcopyrite,  sideride,  hematite ;  Mor- 
xjstown,  epidote  in  trap,  gypsum. 

Yabmouth  Go. — Gream  Pot,  above  Granbeny  Hill,  gold  in  quarts,  pyrite;  Gat  Bock, 
Fouchu  Point,  asbestns,  calcite. 

NEWFOUNDLAND. 

Antony's  Island. — Pyrite, 

Gatalina  Habbob. — On  the  shore,  pyrite  ! 

Ghalky  Hill. — Fddnpar, 

GoPFEB  Island,  one  of  the  Wadham  group. — Chalcopyrite. 

Conception  Bay. — On  the  shore  south  of  Brigus,  bornite  and  gray  copper  in  tn^ 

Bay  of  Islands. — Southern  shore,  pyrite  in  ^te. 

Lawn. — Galenite^  eerargyrite,  proustite^  argentite. 

Placentia  Bay. — At  La  Manche,  two  miles  eastward  of  Little  Southern  Harbor,  galeniU '  ; 
on  the  opposite  side  of  the  isthmus  from  Placentia  Bay,  barite,  in  a  laige  vein,  occaaiont^l^ 
a(*x;ompanied  by  chalcopyrite. 

Shoal  Bay. — South  of  St.  John's,  chalcopyrite. 

Tbenity  Bay. — Western  extremity,  barite. 

Habbos  G&bat  St.  Lawbbncb.— West  side,  flna  lie,  gatente. 
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SUPPLEMENTARY    CATALOGUE    OF    AMERICAN    LOCALITIES 

OF    MINERALS. 

MAINE. 

KoRWAY. — Triphylite  (lithiophilite\  chrysoberyl,  cookeite. 

Paris. — Columbite,  mica,  triphylite. 

Parsonfield.  — Labrodorite,  crystallizevl. 

Peru. — Triphylite  (crystallized),  columbitc,  beryl,  spodumene. 

Stonbuam. — Triplite,  columbite,  topaz,  curved  mica. 

NEW  HAMPSHIRE. 
Babtlett. — ^At  the  iron  mine,  danalite, 

MASSACHUSETTS. 

Deebfield. — In  diabase,  datolite,  stilbite,  chabazite,  prehnite,  heulandite,  natrolite, 
analoite,  calcite,  fluorite,  albite,  epidotc,  axinite,  tourmabne,  diabantite,^  saponite,  chloro- 
phteite,  kaolin,  pyritc,  malachite,  Ilmonite,  wad. 

RocKPOBT.  — ^Fergusonitc. 

CONNECTICUT. 

Bbanchville.— In  a  large  vein  of  pegmatite  in  gneiss,  mica  (curved  concentric),  microeline, 
albite  (also  crystallized),  qimrtz  (inclosing  liquid  CO^X  spodumene  and  various  alteration 
products  (eucryptite,  cymatolitc,  killinite,  etc.),  columbite,  apatite  (also  manganapatite), 
amblygonite,  hthiophilite,  eosphOTite,  triploidite,  dickinsonite,  reddin^ite,  fairneldite, 
fillowite,  rhodochrosite,  uraninite  (crystals^  cyrolite,  microlite,  uranium  phosphates, 
chabazite,  stilbite,  heulandite  and  other  species. 

Litchfield. — Staurolite  in  mica  schist. 

New  Haven. — At  Mill  Rock,  contact  surface  of  trap  and  sandstone,  garnet  (topazolite) ; 
at  East  Rock,  on  columnar  surfaces  of  trap,  garnet  (melanite),  magnetite,  pyroxene,  apatite, 
calcite. 

Portland. — At  Pelton's  feldspar  quarry,  monazite. 

NEW  YORK. 

CLINTON  CO. — Plattsburg,  nugget  of  platinum  in  drift. 

ESSEX   CO. — Port  Henry,  black   tourmaline  enclosing  orthodase;  Champlain  iron 
region,  uranothorite. 
ST.  LAWRENCE  CX).-DeKalb,  white  tourmaline. 
PiCTAiRN. — Titanite. 
Russell.— In  veins  in  a  granitic  rock,  danburite  with  pyroxene,  titanite,  black  mica. 

NEW  JERSEY. 
Bergen. — Hayesine. 
Fbankun  Furnace  and  Sterling. — Chalcophanite,  hetasrolite,  pyrochroite. 
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PENNSYLVANIA. 

BEDFORD  CO.— Beidgepobt,  barite. 

BERKS  CO. — Jones's  mine,  aurichalcite,  melaconite,  byssolite. 
BUCKS  CO. — Phenixville,  ankerite. 
Bridgewater  Station. —Titanite. 
CHESTER  CO.— Yellow  Springs,  allanite. 

DELAWARE  CO.— Water ville,  near  Chester,  and  Upland,  chabazite. 
Mineral  Hill,  columbite. 
Leipertille,  garnet,  zoisite,  heulandite,  leidyite. 
FRANKLIN  CO.— Lancaster  Station,  barite. 
HUNTINGTON  CO.— Broad  Top  Mountain,  barite. 
LEHIGH  CO. — Shimerville,  corundum. 

LUZERNE  CO. — Scranton,  under  a  peat-bed,  phytocollite  (dopplerite). 
Drifton,  pvrophyllite. 
MIFFLIN'CO.-Strontianite. 

MONTGOMERY  CO.-  -Upper  Salford  mine,  azurite. 
NORTHAMPTON  CO.— Bethlehem,  axinite. 
PHILADELPHIA  CO.— Germantown,  fahlunite. 

SCHUYLKILL  CO.,  near  Mahanoy  City,  pyrophyllite,  alunogen,  copiapite,  in  coal 
minesl 

DELAWARE. 

Dixon's  Quarry.— Columbite. 

Newark. — Quartz  crystals,  doubly  terminated,  loose  in  soil. 

VIRGINIA. 

AMELIA  CO. — From  a  granite  vein  (mica  mine)  in  gneiss  near  Amelia  Court  House,  mica 
in  large  sheets,  quartz,  orthoclase,  microlite,  monazite,  columbite,  orthite,  helvite  with 
topazolite,  beryl,  nuorite,  amethyst,  apatite  (rare). 

AMHERST  CO. — From  a  feldspar  vein  m  a  gneissoid  rock  on  the  northwest  slope  of 
Little  Friar  Mt.,  allanite,  sipylite,  magnetite,  zircon. 

ROCKBRIDGE  CO. — Underlying  limonite,  dufrenite  in  an  irregular  bed  ten  inches 
deep,  strengite  in  cavities  in  dufrenite. 

WYTHE  CO.— Austin  mine,  aragonite  (7  p.  c.  PbCO,). 

NORTH  CAROLINA.* 

Alexander  Co. — Near  Stony  Point,  in  narrow  veins  or  pockets  in  a  gneissoid  rock  (in 
part  also  loose  in  overlying  soil),  spodumene  (hiddenite),  beryl  (emerald),  rutile,  monazite, 
allanite,  quartz. 

At  White  Plains,  quartz  crystals,  spodumene  (hiddenite),  beryl,  rutile,  scorodite, 
columbite,  tourmaline. 

At  Milholland's  mill,  rutile,  monazite,  muscovite,  quartz. 

Burke  Co. — In  the  auriferous  gravels  at  Brindletown,  octahedrite  (transparent),  brookite, 
zircon,  fergusonite,  monazite,  xenotime  (compounded  with  zircon),  garnet,  tourmaline, 
magnetite  and  other  species. 

Mitchell  Co. —  At  the  mica  mines,  muscovite  in  large  quantities,  orthoclase,  albite, 
samarskite,  columbite,  hatchet tolite,  rogersite,  fergusonite,  monazite,  uraninite,  gummite, 
phosphuranylite,  uranotile,  allanite,  beryl,  zoisite,  garnet,  menaccanite. 

Yancey  Co. — At  the  Ray  mica  mine,  muscovite,  tantalite  (columbite),  monazit«,  beryl, 
ganiet,  zircon,  rutile,  etc. 

At  Hampton's,  chromite,  epidote,  enstatite,  tr^raolite,  chrysolite,  serpentine,  talc, 
magnesite,  etc. 

ALABAMA. 
COOSA  CO.— Cassiterite,  tantaUte. 

*  For  a  complete  list  of  the  minerals  and  mineral  localities  of  North  Carolina,  see  Geology 
of  North  Carolina,  vol.  II.,  chap.  I..  Mineralogv  by  F.  A.  Genth  and  W.  C.  Kerr,  with 
notes  by  W.  E.  Hidden;  122  pp.,  8vo,  Raleigh,  1881. 
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MICHIGAN. 

Negaunes. — Manganite,  gOthite,  hematite,  barit«,  kaolinite. 
Grand  Masais.— Thomsonite  (lintonitc). 

MISSOURI.* 

ADAIR  GO. — G5thite  with  calcite  in  concretionary  masses  of  clay  iron-stone. 

BARTON  CO. — McCarroVs  coal  bank,  pickeringite,  as  a  white  efflorescence  on  sandy 
shales  of  coal  measure.-*. 

BENTON  CO.— Limonite. 

BOLLINGER  CO. — Limonite,  bog  manganese,  psilomelane. 

CALLAWAY  CO. — Hematite,  clay  iron  ore. 

CHARITON  CO  — Selenite. 

COLE  CO  — Barite.      At  the  Eureka  mines,  galenite,  smithsonite. 

COOPER  CO.  —Collins  mine,  malachite,  azurite,  chalcopyrite,  smithsonite,  galenite 
sphalerite,  limonite. 

CRAWFORD  CO. — Scotia  iron  banks,  hematite,  quartz,  jasper,  amethyst,  g5thite, 
malachite. 

DADE  CO.— Smithsonite. 

DENT  CO.— Simmon's  Mountain,  hematite. 

FRANKLIN  CO. — Cove  mines,  galenite,  cerussite,  anglesite,  barite. 

Mine-^Burton,  galenite,  cerussite,  anglesite. 

Moselle,  limonite. 

Mount  Hope  mine,  galenite,  sphalerite,  calamine,  smithsonite. 

Stanton  Copper  mines,  native  copper,  chalcotrichite,  malachite,  azurite,  chalcopyrite. 

Virginia  mmes,  galenite,  anglesite,  ceru.ssite,  minium. 

IRON  CO. — Pilot  Knob,  hematite,  serpentine,  magnetite,  quartz,  manganese  ore. 

JASPER  CO.— Joplin  mines,  galenite,  sphalerite,  pvrite,  marcasite,  cerussite,  bitumen. 

Oaoxooo. — Galenite,  sphalerite,  cerussite,  smithsonlie,  anglesite. 

Webb  City. — Galenite,  sphalerite. 

JEFFERSON  CO.— Palmer  mines,  galenite,  cerussite,  plumbogummite. 

Valle  mines,  galenite,  cerussite,  anglesite,  calamine,  smithsonite,  hydrozincite,  mala- 
chite, azurite. 

MADISON  CO. — Enistein  silver  mine,  galenite,  sphalerite,  wolframite,  pyrite,  quartz, 
muscovite,  actinolite,  fluorite. 

Mine-la-Motte. — (G^alenite,  linnieite  (siegenite),  cerussite,  anjg^lesite,  pyrrhotite,  earthy 
cobalt,  bog  manganese,  plumbogummite,  chalcopyrite,  annabergite. 

In  granites,  porphyries,  etc.,  quartz,  agate,  hornblende,  asbestos,  serpentine,  chlorite, 
epidote,  feldspar. 

MONITEAU  CO. — Sampson's  coal  mine,  galenite  and  sphalerite  in  cannel  coal. 

MORGAN  CO.— Buffalo  mines,  galenite. 

Humes  Hill,  barite. 

NEWTON  CO.— Granby  mines,  galenite,  cerussite,  pyromorphite,  calamine,  greeno- 
chite.  sphalerite,  smithsonite,  hydrozincite,  buratite,  dolomite,  calcite. 

PHELPS  CO — Hematite,  siderite,  limonite.  ankerite. 

ST.  FRANCOIS  CO. — Iron  mountain,  hematite,  apatite,  tungstite,  wolframite,  magne- 
tite, menaccanite. 

ST.  GENEVIEVE  CO. — St.  Genevieve  copper  mines,  chalcopyrite,  cuprite,  malachite, 
azurite,  covellite,  chalcocite,  bomite,  melacomte,  chalcanthite. 

ST;  LOUIS  CO.— St.  Louis.— In  cavities  in  limestone,  fnillerite,  dolomite,  calcite^ 
fluorite,  anhydite,  gypsum,  strontianite. 

SALINE  CO. — Halite  in  incrustations. 

WAYNE  CO.— Limonite. 

KANSAS. 
BROWN  CO.— Celestite. 

ARKANSAS. 

Sevieb  Co. — Stibnite,  stibiconite,  bindheimite,  jamesonite. 
Hot  Springs  Co. — Rutile  in  eightlings,  variscite. 

*See  Notes  on  the  Mineralogy  of  Missouri,  by  Alexander  V.  Leonhard,  St.  Iiouis,  1882. 


506  APPENDIX. 

COLORADO. 

Boulder  Co  — Magnolia  district  (especially  the  Keystone,  Mountain  Lion  and  Smug^let 
mines),  native  tellurium,  coloradoite,  calaverite,  tellurite,  magnolite,  ferrotellurite, 
sylvanite. 

Chaffee  Co.— Arrow  mine,  jarosite  with  turgite. 

Custer  Co.— Silver  cliff,  niccolite. 

El  Paso  County. — Near  Pike's  l^eak,  arfvedsonite,  astrophy  lite  zircon;  siderophyllite, 
topaz,  phenacite,  cryolite,  thonisenoliie  (and  other  fluorides),  tysonite,  bastn&site. 

Gilpin  Co  — Near  Central  City,  pyritc  in  moaified  crystals,  cLalcopyrltc  olten  coated  by 
tetrahedrite  in  parallel  position,  crystallized  gold  on  pyrite. 

Gunnison  Co.— Near  Gothic,  sma]tlt«. 

Jefferson  Co. — Near  Golden,  in  basalt  of  Table  Mountain,  chcbczite,  thomsonite, 
analcite,  apophyllite,  calcite,  mesolite,  laumontite. 

La  Plata  Co. — Poughkeepsie  Gulch,  Alaska  mine,  alaskaite  with  tetrahedite,  cbalco- 
pyrite,  barite. 

Lake  Co. — Leadvillo,  cerussite  carrying  silver,  anglesite,  pyromorphite,  sphalerite, 
calamine,  minium,  dechenite  (?),  rhodochrosite  with  galenite,  chalcopyrite. 

Golden  Queen  mine,  scheelite  with  gold.  Ute  and  Ule  silver  mine,  stephanite,  galenite, 
sphalerite,  chalcocite. 

Park  Co.— Grant  P.  0.,  Baltic  lode,  beegerite.    Hall  Valley,  ilesite. 

CALIFORNIA. 

Iirro  Co. — San  Carlos,  datolite  with  grossular  garnet  and  vesuvianite. 
Los  Angeles  Co. — Brea  Ranch,  vivianite  in  nodules  with  asphaltum. 

OREGON. 

Douglas  Co.— Cow  Creek,  Piney  Mountain,  considerable  deposits  of  a  hydrous  nickel 
silicate,  allied  to  gamierite. 
Grant  Co. — Canyon  City,  cinnabar  with  calcite. 

UTAH. 

Iron  Co.— Coyote  District,  orpiment  and  realgar  in  a  thin  bed  in  the  horizontal  sediment- 
ary formations  underlying  lava. 
Piute  Co. — Marysvale,  onofrite. 

Salt  Lake  Co. — Butterfield  Canon,  mallardite,  luckite. 
Wahsatch  Range,  head  waters  of  Spanish  Fork,  ozocerite  in  considerable  beds. 

NEVADA. 

Elko  Co. — Emma  mine,  chrysocoUa;  Blue  Hill  mine,  azurite,  malachite. 

Lander  Co. — Austin,  polybs^te,  chalcopyrite,  azurite,  whitneyite. 

Lincoln  Co. — Halite,  cerarfiryrite. 

Nye  Co. — Anelesite,  stctefel^tite,  azurite.  cerussite,  silver  ore,  cerargyrite. 

White  Pine  Co.— Eberhardt  mine,  cerargyiite;  Paymaster  mine,  freieslebenite. 


NEW  MEXICO.* 


DoffA  Ana  Co. — Lake  Valley,  cerargyrite  in  the  Sierra  mines  in  large  masses,  rarely 
crystallized,  associated  with  embolite,  cerussite.  galenite,  yanadinlte  in  small  canary-yellow 
crystals,  native  silver,  pyrolusite,  manganite,  nuorite,  ankerite,  apatite,  chert.  Victoria 
mine,  40  miles  below  Nutt,  massive  anglesite.  Kingston,  in  Black  Range,  argentite  in 
large  masses. 

Socorro  Co.— Socorro  Mt.,  3  miles  from  town  of  Socorro,  large  veins  of  barite  carrying 
cerargyrite,  vanadiferous  mimetite,  vanadinite  in  barrel-shaped  crystals  resembling  pyromor- 
phite. Magdalena  Mountains,  27  miles  west  of  Socorro,  cerussite  in  heavy  veins  with 
galenite,  sphalerite,  etc.  Green  and  blue  calamine  on  the  Kelly  location.  Sophia  mine, 
stromeyerite?  Grafton,  on  a  large  quartz  vein,  Ivanhoe  mine,  gold  in  black  cerussite, 
chalcocite,  bomitc,  malachite,  azurite,  chalcopyrite,  cerargyrite,  amethystine  quartz.  New 
Elk  Mountain,  100  miles  south  of  Socorro,  cerussite  carrying  silver. 

*  The  author  is  indebted  for  the  following  notes,  as  also  for  others  under  Arizona  and 
Montana,  t9  Prof.  B.  SUliman. 
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Grant  Co. — Silver  City,  Bremen's  mine,  argentite,  cerargyrite,  argentite  pseudomorph 
of  mollusca,  barite  with  cerargyrite.  native  silver  in  filagree  and  dendrites  on  slate;  Santa 
Bita  copper  mines,  native  copper,  tenorite.  MogoUon  and  Burro  mountains,  Coony  mining 
district,  Dry  Creek;  in  Mundo  mine,  melaconite;  Silver  Twigg  mine,  bornite,  copper;  Alba- 
tross mine,  bornite,  malachite;  Cooney  mine,  ehalcopyrite,  azurite,  bornite;  Clifton  mine, 
native  copper,  cuprite,  azurite,  malachite,  wulfenite.  Georgetown,  Naiad  Queen  mine, 
argentite  pseudomorph  of  moUusca,  cerargyrite,  native  silver  in  dendritic  form  on  slate. 

OAN  Miguel  Co.— Cerillos,  Mt.  Chalchuitl,  turquoise  in  tuff.  In  the  CeriJlos  district  are 
numerous  mineral  veins,  carrying  silver  lead  and  salts  of  lead,  rarely  wulfenite  and 
vanadinite,  azurite,  malachite,  sphalerite,  etc. 

ARIZONA. 

In  the  Silver  District,  Yuma  Co.,  at  the  Hamburg,  Princess  and  Red  Cloud  mines,  in 
connection  with  quartz  veins  carrying  argentiferous  galena,  line  ruby-red  vanadinite, 
red  wulfenite,  massive  anglesite.  Silent  District,  Black  Rock  mine,  vanadinite.  At  the 
Castle  Dome  mines,  vanadinite,  mimetite,  wulfenite,  cerussite,  galenitc,  fluorite.  Also 
wulfenite  at  the  Melissa  mine  and  Rover  mine. 

In  the  Vulture  District  (also  called  White  Picacho  District),  Yavapai  and  Maricopa 
Cos.,  numerous  veins  of  gold-bearing  quartz,  carrying  lead.  Vulture  mine,  cryst.  gold, 
jarosite,  wulfenite.  Hunter's  Rest  mine,  gold  in  tourmaline  rock.  Farley's  Collateral 
mine,  and  the  Phenix  mine,  20  miles  north-east  of  Vulture,  yellow  vanadinite  with 
calcite,  wulfenite,  cerussite,  descloizite  (?),  volborthite  (?)  crocoite,  vauquelinite,  phceni- 
oochroite.  Montezuma  mine,  vanadinite,  cerussite.  Sante  Domingo  mine,  mimetite, 
argentite.  Silver  Star  mine,  native  silver,  cerussite,  argentite,  crocoite,  vanadinite. 
Tiger  mine,  native  silver,  cerargyrite.  Tip  Top  mine,  native  silver,  sphalerite,  argentite, 
pyrargyrite. 

From  the  Rio  Verde,  Maricopa  Co.,  thenardite  in  large  deposits. 

Mohave  Co, — Moss  lode,  ^Id  in  crystalline  plates;  fluorite  a  frequent  gangue  material. 

Pinal  Co. — Mule  Pass,  Bisbey,  Copper  Queen  mine,  native  copper,  copper  oxide,  mala- 
chite, azurite,  calcite. 

From  the  Silver  King  mine.  Pioneer  District,  Pinal  Co.— Fine  crystallized  native  silver, 
argentite,  sphalerite,  pyrite.     Stonewall  Jackson  mine,  cryst.  silver,  argentite. 

From  the  Bon  Ton  mines,  Chase  Creek,  near  Cliften,  diopteso  with  cuprite,  and  limonite. 

MONTANA. 

Butte  Co.— Butte  City,  Alice  silver  mine,  rhodonite,  a  common  gangue  of  native  silver 
and  other  silver  ores,  rhodochrosite.  Same  in  Magna  Charter  mine.  Parrot,  Mountain, 
Bell,  and  other  copper  veins  yield  various  copper  salts. and  arsenical  copper  glance  with 
silver. 

**  Original  Butte  mine,"  wurtzite  with  pyrite.  Clear  Grit  mine,  native  silver,  argentite, 
ehalcopyrite,  sphalerite,  calcite,  rhodochrosite.     Colusa  mine,  chalcocite. 

ALASKA. 
Ft.  Wrangell  at  mouth  of  the  Stickeen  River,  fine  garnets  in  mica  schist. 

CANADA — Province  op  Quebec 

Montreal. — ^Analcite,  sodalite,  nephelite  (in  nephelite-syenite). 

Ottawa  Co. — Veins  carrying  apatite  and  pyroxene  in  large  quantities  are  common  in 
Buckingham,  Burgess,  Templeton,  and  other  townships;  also  calcite,  quartz,  amphibole, 
scapolite,  garnet,  tourmaline,  titanite,  zircon,  orthoclase,  phlogopite  and  other  species. 

Templeten,  vesuvianite,  garnet  (cinnamonstone),  pyroxene. 

Hull,  colorless  garnets,  vesuvianite,  white  pyroxene. 

Wakefield,  chrome  garnet. 

CANADA— Province  op  Ontario. 

Frontenac  Co. — Scapolite,  apatite. 

Renfrew  Co. — Eganville,  large  crystals  of  apatite,  titanite,  zircon  (also  twinsX 
amphibole. 
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NOVA  SCOTIA. 

Cumberland  Co. — Alunogen. 

Colchester  Co. — New  Annan,  covellite. 

Kings  Co. — Black  Bock,  in  trap  with  stilbit«,  ulexite,  heulandite. 

CANADA— Keewatin  District. 

Churchill  River. — Lazulite. 

Knee  Lake. — Magnetite  Island,  magnetite. 

CANADA— British  CoLUMBLi. 

Cariboo  District. — Native  gold,  galenite. 

On   Frazer  River.— Gold,   argentiferous  tetrahedrite,   cerargytite,  cinnabar.     North 
Tiiompson  River,  cyanite. 
Ho^7E  Sound. — Bomite,  chalcopyrite,  molybdenite,  mica. 
Ominica  District. — Gold,  galenite,  silver,  silver  amalgam. 
Cassia R  District. — Gold. 
Texada  Island. — ^Magnetite. 
Queen  Chaklotte  Islands.— Sldncuttle  Inlet,  Harriet  Harbor,  magnetite,  chalcopyrite. 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION  OF  MINER  ATA 


TABLE  L 

Minerah  a/rranged  ctccording  to  Hieir  Physical  and  JBlovopipe  Chnracter$^ 

The  followiDg  table  is  intended  especially  for  nse  in  instmction  in  Mineralogy.  With  thif 
end  in  view  it  is  limited  to  those  species  described  in  full  in  the  body  of  this  work,  aL-l  the 
method  of  arrangement  has  been  made  to  conform  as  nearly  as  po&sible  to  the  chemical  ays- 
u»m  of  cloasifioation  tiiere  followed.  Table  II.,  on  the  contrary,  is  made  to  embrace  all 
species  whose  custalline  system  is  known : 

OenercU  Sdkeme  of  Clnsnflcatian, 

L  MALLEABLE,  OB  EMINENTLY  SECTILE. 

Many  of  the  native  metnU  are  here  included. 
1.  Lustre  metallia 
A   Lustre  unmetallia 

n.  VAPORIZABLE,  OR  B.B.  EASILY  YIELDING  FUMES. 

The  mlphideB,  seienides,  etc.,  also  the  stUpharseniteBf   sulphantimoniteBf    etc,  are  here  io 
duded ;  also  some  native  metals. 

Part  I.  Wbollt  Vafobizablh. 

1.  Lustre  unmetallio. 

2.  Lustre  metallic. 

Part  IL  YiELDiNo  Fuhbs  rbadilt,  but  not  WnOLLT  VAFonrZABTiB* 

1.  Lustre  unmetallio. 

2.  Lustre  metallic. 

in.  NOT  MALLEABLE;  NOT  VAPOBIZABLE,  NOR  EASILY  YIELDIMG  FUiCBfl. 

Part  I.  LuBTBE  Metallic. 

1.  Streak  unmetallia —A.  Infusible  or  nearly  so ;  B.  Fusible. 

2.  Streak  metallia 

Part  n.   LUflTRB  tTNMBTALIilO. 

a.  Infnslbla 
h.  VxMAb, 
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8.  SnlpliatM. 

1  Soluble  in  water,  or  haTing  tasfce. 

2  Inaolnble  in  water. 

3.  Ohromates. 
4.  Silicates,  Phosphates,  Oxides  (pt.),  elo., 

I.  Streak  CoUjTfd, 
1.  Infusible,  or  nearly  ao. 
8.  Fusible.— A.  Gelatinise  with  adds;  B.  Do  not  gelatinise. 

U.  Streak  Unedored, 

1.  Infusible.— A.  Gelatinise  with  acids;  B.  Do  not  gelatinise. 
8.  Fusible. — ^A.  Gelatinise  with  aoids. 

a  Hydrous;  3  Anhydrous. 

Bk  Do  not  gelatinize. 

a  Hydrous;  3  Anhydrous. 


I.  MALLEABLE  OR  EMINENTLY  SECTILE. 

1.  Lustre  metaUie, 

(a)  Yielding  B.B.  no  fumes.— Gold;  Silver;  PLATiNtJif;  Palladium;  Gopfbb; 
Iron  (pp.  221-226). 

{0)  Yielding  with  soda  c  n  chajrcoal  a  silrer  globule. — Arobntite  (p.  285),  and  AcAir- 
TB1TB  (p.  289);  yieid  also  sulphurous  fumes. — ^Hessitb  (p.  289),  also  telluric  fumes. 

2.  Lustre  unmeiallie. 

On  charcoal  a  sUver  globule.— Gebabgybitb  (p.  260). 

II.  YAPORIZABLE;  B.B.  yielding  fumes  in  the  open  tube;  some  require  to  be  strongly 

heated. 

Part  I.  Wholly  Vaporizablb;   readily  passing  away  in  fumes  when  heated  on 

charcoal  (if  pure  ana  free  from  gangue). 

1.  Lustrb  Unmbtallic. 

1.  Fumes  Bul{)hurous;  burning  with  a  flame.— Sulphxtr  (p.  228). 

2.  Fumes  antimoniaL — ^YALSNTiKrTE,  senarmontite  (p.  284). 

8.  Fumes  arsenical.— Realgar  (p.  2:jl).  color  red;  Orfiment  (p.  281),  oolor  yellow. 
4.  Fumes  mercurial. — ^Cutnabab  (p.  240). 

2.  LusTBE  Metallic. 

1.  Fumes  sulphurous;  with  also  fumes  of  antimony,  bismuth,  eto.^SnBKrrB  (p.  332); 
Bismuthikite  (p.  2-i2);  some  tetradymite  (p.  288). 

2.  Fumes  selenial  or  tellurio.^OLAUSTRALiTB  (p.  286);  Tetradthite  (p.  288). 

8.  Native  Absbmxo,  Antimony,  Bismuth,  and  Tellurixtm  (pp.  226,  227.)    Some  Cinna- 
bar (see  above)  has  a  metallic  lustre. 

Part  II.    YiBLDma   Fuicbs   Hbadily   in   trb    opbk   Tttbb,  but  not  Wholly 

Vaporizablb. 

1.  Lustre  Uhmbtallio. 

1.  Fumes  snlphnrous  alone .^Bphalbritb  ^p.  287),  infusible;  Grebnockitb  (p.  242). 

2.  Fumes  sulphurous,  and  (a)  antimonial;  or  0)  arsenical,  yield  a  bead  of  silver  with 
soda  on  charcoal. --(a)  Miaroyritb  (p.  249);  Pyraroyritb  (p.  i52).—(fi)  Provstitb  (p.  2SS}, 
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2.   LUBTBB  MBTALUO. 

1.  Fames  arseDical. 

a.  Onchareoalamagnetiobeadormass.  (a)  In  the  closed  tabe  unaltered. — Cobalt^ 
m  (p.  246).  OO  Bo.,  a  sablimate  of  arsenic  sulphide. — Absbnoftiute  (p.  247),  color 
silrer-white.  yields  also  metallic  arsenic;  GEBBDosFFirB  (p.  246),  color  silver-wbite  to 
steel-gray,  B.B.  decrepitates;  Tennantite  (p.  256),  color  iron-black,  (y)  Do.,  a  faint 
white  crystalline  sublimate  of  arsenous  oxide. — Niccolite  (p.  242),  color  pale  copper-red. 

b.  With  soda  on  charcoal  a  malleable  bead  of  metallic  lead.— Sabtobite  (p.  250), 
decrepitates  strongly,  G=5'89;  Dufbenotsite  (p.  251),  G=5'56. 

e.  Do.,  me&llio  copper.— Dometkite  (p.  234),  color  tin-white  to  steel-gray;  EirAii- 
QITE  (p.  257),  color  iron-buMok. 

2.  Fumes  antimonial. 

a.  With  soda  on  charcoal  yield  metallio  copper.  (The  bead  obtained  may  also  be 
tested  with  borax.)  (a)  Contains  copper  and  lead. — ^bouBNONrns  (p.  253),  color  steel-gray, 
G.=5*7-5'9.  (p)  Contains  copper  and  sUver. — ^Poltbasete  (p.  257)f  color  iron-black,  (y) 
Tbtbahedbite  (p.  255). 

h.  Yield  silver  or  lead  but  no  copper,  (a)  Contain  sUver. — ^Dybcbasitb  (p.  284), 
G. =9*4-9  8,  color  and  streak  silver-white;  Fbeieslebbntte  (p.  252),  G.  =6-6*4,  color 
and  streak  light  steel-gray,  yields  also  sulphurous  fumes; — Stephanitb  (p.  256),  G.=6'27, 
oolor  and  streak  iron-black;  Ptbabgtbite  (p.  252),  and  Miabgtbite  (p.  249),  have  both  a 
red  streak.  0)  Contain  lead;— Zinkenite  (p.  250),  G.=5'80-5'85;  Jahbsonitb  (p.  251), 
G.=5'5-5-8;  Boulangebetb  (p.  254),  G.=5'75-a. 

8.  Fumes  sulphurous. 

a.  Reaction  for  copper  with  borax. — Chalooptbitb  (p.  244),  color  brass-yellow; 
Bornite  (p.  237),  color  copper-red  to  pinchbeck-brown  on  the  fresh  fracture;  CHALcocrrB 
(p.  289),  color  blackish  leaa-gray;  Stbombybbitb  (p.  240),  color  dark  steel-gray,  contains 
also  silver. 

b.  Yield  a  magnetic  bead  or  mass  on  charcoal,  (a)  Yield  free  sulphur  in  the  closed 
tube.— Ptbite  (p.  2^,  G.  =4*8-5*2;  MABCAsrrE  (p.  247),  G.  =4*7-4  B;  some  linnaeite 
(see  below),  (p)  unchanged  in  the  closed  tube. — Pybbhotitb  (p.  241),  color  reddish  bronze- 
yellow,  magnetic;  Millbbtte  (p.  241),  color  brass-yellow,  with  borax  a  nickel  reaction;  Lin- 
NiETfE  (p.  245),  color  pale  steel-grav,  contsdns  cobalt. 

e.  Yields  metallic  lead  on  charcoal. — Galbnttb  (p.  285),  color  lead-gray. 
d.  Not  included  in  the  above.— Moltbdbnttb  (p.  288). 


4.  Fumes  mercurial.— Amalgam  (p.  225). 


m.   NOT  MALLEABLE;   NOT  VAPORIZABLE,   NOB    EASILY  YIELDING 

FUMES. 

Part  I.    LinnsB  Mbtallic,  or  Submbtallio. 

1.  StBSAB  UkMSTALLIO. 

A.  Infu6tbh,  &r  FSiHble  ioiih  gticU  diffievbtiff. 

a.  B^actlon  for  mtmgamH  with  borax. 

(a)  ^fiAyiroiM.— PYBOLUsifB  (p.  278),  0.=4*82.  H.=2-2-5,  streak  black  (bran, 
nite,  hausmannite,  (p.  277);  Fbakkunitb  (p.  278).  often  in  Octahedrons,  G.  =  507, 
H.  =  5*5-6*5;  streak  dark  reddish- brown;  yields  zmd  B.B.  Some  Columbite  (pp.  860, 
*28).  _, 

09)  Eydnm.-^W^OAxrtz  (p.  280);  PstLOHBLANtf  (p.  282);  Wa]>  (p.  288). 
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b.  Reaction  for  iron :  become  magnetic  upon  ignition  in  R.F. 

(a)  Anhydrotu.—^iiAGKETrrK  (p.  272),  streak  black,  magnetic ;  Heicatitb  (p.  268), 
streak  oherry-redL  Contain  titanium. — Menaccanite  (p.  289),  G.  =  45-^,  streak  black  to 
brownish-red;  Rutilb  (see  df  below).  Contfun  tantalum  or  oolumbium. — TantalitbOp. 
859),  G.=7-8;  Coluicbitb  (p.  360),  G.5*4<6*5.  Contains  ohromiom.  Chbomttb  (p.  274^, 
streak  brown. 

(P)  Hydrous, — ^LiHONms  fp.  280),  streak  ]rellowish-brown,  G.  =8*6-4.  only  massive; 
G5THrrB  (p.  280),  streak  same,  G.  =4-4*4,  often  in  crystals;  Tuboitb  (p.  279),  streak  red, 
decrepitAtes  strongly  B.B. 

c.  Reaction  for  zinc  on  charcoal.— Zingitb  (p.  266),  streak  orange-yellow. 

d.  Reaction  for  Htamum.^'&VTiu^  (p  276);  Octahedkite  (p.  277);  Bbookite  (p.  277); 
Pebofskite  (p.  270). — Euxenite  (p.  862),  contains  columbium. 

6.  No  reactions  as  above. — ^YTTEOTAirrALiTB  (p.  861). 

B.  FusitiU. 

a.  Reaction  for  iron,  become  magnetic— Ilvaitb  (p.  809),  G.  =8*7-4*2;  Allaxitb  (p.  d08X 
G.=8-4-2;  WoLPBAMTB  (p.  883),  G.=71-7-5;  Samabskitb  (p.  361),  G.=6-4W>-69. 

b.  Reaction  for  oo^^par.— Tsnobitb  (p.  267);  Cup&itb  (p.  266). 

2.  Streak  Mbtallio. 
No  metallic  bead.— <}baphitb  (p.  230);  Ibidobminb  (p.  224). 

Part  n.    Lustre  Unhbtallio. 

1.  OARBONATBB :  when  pulverized  effervesce  (give  off  C0|)  with  hydrochloric  or 
nitric  acid,  sometimes  only  on  the  addition  of  heat  (p.  202).* 

1.  Infusible. 

a.  Ko  metallic  reaction,  or  only  traces;  assay  alkaline  (p.  205)  after  ignition. 

(«)  Anhydrous. — ^Effervesce  freely  in  the  mass  in  cold  dilute  acid  ;  Caloite  (p.  898), 
G.  =2*5-2*8 ;  Abagonite  (p.405),  G.  =2*9 ;  Babttocalcite  (p.  408),  contains  barium.  Effer- 
vescence wanting  or  feeble,  unless  very  finely  pulverized  or  heated;  Dountm  (p.  401); 
MAGNBsrrB  (p.  fi)2). 

{P)  Hvdrous.—ETDROUAQVESTnt  (p.  409). 
ft.  A  decided  reaction  for  iron;  become  magnetic  upon  ignition. 

SmsBiTR  (p.  408);  Akkbbite  (p.  402).  Also  mesitite,  pistomesite  (p.  408),  and  some 
varieties  of  the  preceding  carbonates. 

e.  A  decided  reaction  for  nMnganeee  with  borax. 

Rhodochbositb  (p.  408).    Also  some  varieties  of  the  preceding  carbonates. 

d.  Reaction  for  eine  on  charcoal. 

(«)  Anhydroua.'^KiTBBOjnTK  (p.  44).    (^)  Hydrous.-^RYURoziffortz  (p.  410). 

2.  Fusible. 

a.  Ko  metallic  reaction,  or  only  traces;  assay  alkaline  after  fusion. 

(«)  ^n^iroiM.— WrrHBErns  (p.  406),  G.=4'8,  B.B.,  a  green  flame  (baryta);  Stbok- 
TIAKITE  (p.  406),  G.=8*6-'7,  B.B.,  a  strontia-red  flame. 

(/J)  ify<irot«.— GAT-Lussrra  (p.  409);  Tbona  (p.  408). 

b.  Reaction  for  lead  on  charcoal. 

Cbbussite  (p.  407);  Phosqbkite  (p.  408),  contains  lead  chloride;  LBADHnxTTB 
(p.  890)  contains  lead  sulphate. 

e.  Reaction  for  (joppsr  with  borax. 

Mydroue^—mALACBm  (p.  411),  color  green;  Azubitb  (p.  411),  color  azure-blue. 
d.  Reaction  for  bismuth  on  charcoal. 
i9ydrou«.— BiSMUTiTB  (p.  412). 

*  Nitric  acid  is  needed  onlv  in  the  case  of  lead  salts  (oerussite,pho8genite,  leadhillite). 
In  addition  to  the  proper  carbonates,  also  leadhillite  and  cancrinite  effervesce  with  acid, 
and  with  many  minerals  effervescense  may  be  caused  bv  a  mechanical  admixture  of  calcite 
(e.g,,  wollastonite),  or  some  other  carbonate  (e.^.,  lanarkite). 
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d.  SUIiPHATBS :  Yield  a  sulphide  with  soda  on  charcoal  (p.  209),*  which  when 
moistened  blackens  a  surface  of  polished  silver. 

1.  gOLUBLE  IK  Water  :  having  taste. 

a.  Glauberttb  (p.  391);  Mirabiltte  (p.  892) ;  Polyhaijte  (p.  898);  Epsomite  (p.  894); 
Alums  (p.  895). 

b.  Copperas  group  :  Vitriols. — CHALCAinrHiiB,  etc.  (p.  894.) 

2.  Inbolitblb  in  Water:  having  no  taste. 

a.  Yield  no  metallic  bead.    Fusible;  assay  alkaline  after  fusion. 

(a)  Anhydrous.^BABATE  (p.  887),  G.=4-3-4-7,  a  yellowish-green  flame  B.B. ;  Gblbsh 
tfte  (p.  888).  (1.  =8'92-8'97,  a  strontia-red  flame  B.B. ;  Anhtdrite  ^.  889),  (i.  =2'9-2'99. 
a  reddish-yellow  liame. 

(/J)  Hydrous:  Gypsum  (p.  892),  H. =1-6-2,  G.=2-8. 

b.  Reaction  for  aluminum  ;  a  blue  color  with  cobalt  solution  after  ignition. 

Hydrous :  Aluminite  (p.  395). 

e.  Reaction  for  lead  on  charcoal. 

Fusible.— Aj^Qii^ESttiL  (p.  889);  Leadhillite  (p.  890),  contains  lead  carbonate. 

d.  Reaction  for  copper  with  borax. 

Beochantite  (p.  896);  Linarite  (p.  396). 

e.  Reaction  for  iron  :  becomes  magnetic  after  ignition  on  charcoaL 

Coplafite  (p.  895). 

8.  OHROMATB8:  Afford  a  chromium  reaction  with  borax  (p.  208).  All  brightlf 
colored,  and  having  a  colored  streak. 

Crocoite  (p.  885),  color  hyacinth-red,  streak  orange-yellow  ;  Phcenicochroite 
(p.  886),  color  cocnineal-  to  hvacinth-red,  streak  brick-red ;  Vauqueukite  (p.  886),  color 
green  to  brown,  streak  greenisn  or  brownish. 

4.  SZZJOATBS)  PH08PHATB8,  OXIDB8  (in  part),  etc 

I.  Strbak  Colored:  having  a  decided  color. 
1.  Infusible,  or  Fusible  with  great  Difficulty. 

0.  Reaction  for  iron,  magnetic  after  ignition  in  R.F. 

(a)  Anhydrous,— HvnAUTH  (268),  streak  cherry-red  ;  some  Rutile  (see  e  below). 

(g)  Hydrous.— lufLOWtE  (p  280),  streak  yellowish-brown ;  G5thite  (p.  280),  streak 
same  ;  Turoite  (p.  279),streak  red,  decrepitates  B.B. 
5.  Reaction  for  manganese  with  borax. 

Hydrous.— Wad  (p.  288);  Psilobcelanb  (p.  282). 

c.  Reaction  for  zine  on  charcoal. 

ZmciTS  (p.  266);  streak  orange-yellow. 

d.  Reaction  for  copper:  yield  metallic  copper  with  soda  on  charcoaL 

Hydrous, — Dioptase  (p.  801),  color  emerald-green. 

e.  Reaction  for  Htanium :  with  metallic  tin  on  evaporation  a  violet  color  to  the  hydro- 
chloric acid  solution,  sometimes  after  fusion  with  potassium  bisulphate. 

Rutile  (p.)  276),  G.=4-2;Waewickite  (p.  882),  G.=r8-8,  moistened  with  sulphuric 
acid  gives  a  green  flame  B.B.  (boron).— Some  Pvrochlore  (p.  859);  and  Pero&kite  (p.  270).^ 
/.  Reaction  for  tin :  yields  the  metal  with  soaa  on  charcoal. 

Cassfterite  (p.  275),  G.=6-4-71. 
g,  Kot  included  in  the  above. 

(a)  Phosphates :  moistened  with  snlphurio  acid  give  a  bluish-green  flame  B.B. — 
MoNAJnTE  (p.  868).  G.=:4'»-^-26;  Xenotime  (p.  864),  G.  =:4-45-4-66. 
{fi)  Ptbocblore  (p.  8o9),  G.=:4'2-4'85  ;  Fergusonitb  (p.  862). 

^Note  the  precaution  on  p.  209  ;  it  may  be  remarked  in  addition  that,  in  the  case  of  a 
sulphate,  the  reaction  is  generally  so  decided  that  there  can  be  no  ambiguity,  even  when 
the  gas  contains  a  little  sulphur.  In  all  cases  the  soda  on  charcoal  should  be  first  tested 
tUane 
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3.  Fusible  without  veky  okeat  DtpPicuLTT. 

A.  Gelatinize  tnth  Add  (p.  208). 

Give  a  reaction  for  iron, 

Ilvaite  (p.  309),  yields  little  or  no  water,  H.=6*5-6,  G.=8'7-4*2,  streak  black, 
HisiNGERiTE  (p.  354),  yields  much  water,  H.=8,  G. =3*045,  streak  yellowish-brown; 
ALLANiTE(p.  308),  H.  =5-5-6,  G.  =8-4-2,  streak  gray. 

B.  Do  not  Gelatinize  with  Aeid, 

1.  Arsenates:  give  arsenical  fumes  on  charcoal ;  after  thorough  roasting  yield  metallic 
reactions  as  follows: 

a.  Reaction  for  iron :  becomes  magnetic  after  ignition. 
Pharhacosidebite  (p.  376),  color  olive-green  to  yellowish-brown  etc. 

b.  Reaction  for  cobcut  with  borax. 
Erythrite  (p.  372),  color  rose-red. 

c.  Reaction  for  copper  with  borax;  also  give  a  ^preen  flame  B.B. 
Eydrotis.—OLTVESi'rE  (p.  878),  G.  =4 '1-4 '4,  color  olive-green  to  brown  ;  Liroconitb  (p. 

874),  G.  =2-88-2 -98,  color  sky-blue  to  verdigris-green;  Clinoclasite  (p.  874),  G.=3-6-S^, 
color  dark-green  (some  libethenite,  see  below). 

2.  No  arsenical  fumes;  reaction  for  iron :  become  magnetic  after  fusion. 

a.  Anhydrous.— Rdactiontor  titaniijm:  Schorlomite  (p.  837),  H.= 7-7*5,  G.=8*862. 
massive. — Reaction  for  manganese :  Triplite  (p.  869),  H.=8  44-8'88,  G.=i-5*5,  colors 
the  flame  bluish-green. — Struture  micacecous  :  Lefidohelane  (p.  818). 

6.  Hydrom.—Qcvr^  a  bluish-green  flame  B.B.;  Vivlanite  (p.  371).  H. =1*5-2,  G.= 
2*58-2-68,  streak  colorless  to  indigo-blue  (on  exposure);  Dufrenite  (p.  378),  fl.  =8*5-4,  Q. 
=8 '2-8*4,  streak  siskin-green. 
8.  No  arsenical  fumes;  reaction  for  copper  with  borax,  yield  an  emerald-green  flame  B.B. 

(o)  Anhydrous. — (.'upRrrE  (p.  266) ;  TENORrrE  (p.  267),  color  steel-gray  to  black. 

(P)  ^ydr<m«.— Structure  micaceous;  Torbernite  (p.  878),  H.=2-2-5,  G.  =84-8*6, 
—Libethenite  (p.  378),  H.=4,  G.  =3-6  8*8;  PsEUDOMAXiACEiTB  (p.  874),  H.=4  5-6,  G.= 
4-4-4;  Atacamite  (p.  261),  H.  =8-3*5,  G.=3-8 


n.  Streak  Uncolored  ;  sometimes  slightly  grayish,  yellowish,  etc. 

1.  Infusible,  or  Fusible  with  much  Difficultt. 
A.  Gelatinize  with  Add  forming  a  stiff  JeUy, 

a.  Reaction  for  iron  with  the  fluxes. 

Chrysolite  (p.  800);  Chondrodite,  Hukite  (p.  826-829),  yield  fluorine. 
h.  Reaction  for  zinc  on  charcoal,  after  being  heated  with  soda. 

(a)  Anhydrous. — Willemite  (p.  301). 

(P)  Hydrous. — Calamine  fp.  829). 
e.  Reaction  for  aluminum;  a  blue  color  with  cobalt  solution  after  ignition. 

Allophane  (p.  841),  amorphous. 
d.  Reaction  for  magnesium:  pmk  color  with  cobalt  solution  after  ignition. 

Sepiolite  (p.  849),  in  soft,  white,  compact  masses. 


B.  Do  not  form  a  perfect  JeUy  with  Add. 

1.  Hydrous, 

a.  Reaction  for  aluminum :  a  blue  color  with  cobalt  solution  after  ignition. 

1.  Pftosphates :  give  a  bluish-green  flame  B.B.,  especially  after  being  moistened  trith 
sulphuric  acicL^WAVELLiTB  (p.  876),  color  white  to  green  to  black;  Lazulite(p.  S7S), 
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color  azure-blue,  with  borax  an  iron  reaction ;  Turquois  (p.  S77),  color  sky-blue  to  apple- 
green,  with  borax  a  copper  reaction. 

2  Hydrous  silicates, — Structure  micaceous;  Maroarite  (p.  S57),  yields  much  water; 
also  some  hydrous  micas  (see  p.  858). 

Kaolinite  (p.  851)  usually  compact,  soft,  unctuous;  Ptrophtllite  (p.  840),  soft, 
yields  much  water. 

3.  Ozides.—QtiB3Swv.  (p.  282),  H.  =2*5-3  5,  usually  in  stalactitic  forms;  Diaspore 
(p.  279),  H.=6'5-7,  in  crystals,  scales,  and  foliated,  usually  decrepitates  B.B. 
h.  Reaction  for  magnesium:  a  pink  color  with  cobalt  solution  after  ignition. 

Brucite  (p.  281),  soluble  m  acids;  Ta^  (p.  8^,  yields  water  only  on  intense  igni- 
tion.   Also  some  serpentine  (see  below). 

c.  No  reactions  as  above. 

Opal  (p.  288),  H.=6-7.— Serpentikr  (p.  860),  H. =2  5-4;  Chloritoid  (p.  358), 
fl. =5*5-6;  Genthite  (p.  851),  yields,  a  reaction  for  nickel  with  borax. — Chrysocolla  (p. 
888),  H.=2-4,  colors  the  flame  emerald-green  (copper). 

2.  Anhydrous, 

o.  Reaction  for  aluminum :  (When  of  great  hardness,  pulyerizing  is  necessary), 

(*)  Decomposed  by  acids. — Leucfte  (p.  818),  H. =5.5-6. 

ifi)  Structure  eminently  micaceous.— Muscovitb  (p.  818). 

(y)  Corundum  (p.  267),  H.=9,  G.=4,  rhombohedral. 

Chrysoberyl  (p.  274),  H.  =  8*5.  G.=8-7,  color  green. 

Topaz  (p  382),  H.=8,  G.=8-5.  in  prisms  of  124'',  cleavage  basal  perfect. 

RuBELLFTB  (p.  8: JO),  H.=7-5,  (j.=3,  in  three-  or  six-sidea  prisms,  color  violet,  rose, 
red,  reaction  for  boron  (p.  211). 

( AxDALUSiTE  (p.  831),  H.=7-5,  G.=8'2,  in  prisms  of  93*>. 

•JFiBBOLiTE  (p.  331),  H.=6-7,  Q.=3-2,  brilliant  diagonal  cleavage, 

(Cyanitb  (p.  332).  fl.  =5-7,  G.=3-6,  usually  in  bladed  crystals,  color  blue  to  gray. 

b.  Reaction  for  magnesium :  a  pink  color  with  cobalt  solution  after  ignition. 
Talc  (p.  848),  soft,  foliated,  yields  water  upon  intense  ignition. 
Enstatite  Dt.  (p.  290),  H.=5*5,  cleavage  prismatic  98®. 
Spinel  pt.  (p.  271),  H.=8,  commonly  in  octahedrons. 

e.  Reaction  for  tin  :  metallic  globules  with  soda  on  charcoal. 

Casstterite  (p.  275),  G.  =6'4-7'l.    Also  some  Pyrochlore  (p.  859). 

d.  No  reactions  as  above. 

1.  Hardness  7,  or  above  7. 

Spinel  (p.  271),  H.=8,  G=8*5-41,  occurs  in  octahedrona. 

GAHinTE  (p.  272),  H.=7'5  8,  G.=4'4-4*9,  octahedral,  when  mixed  with  borax  give* 
a  zinc  coating  on  charcoal. 

Beryl  (p.  299),  H.  =7*5-8,  Q.=2*6-2*7,  always  in  hexagonal  prisms. 

PHENAciTE(p.  301),  H.  =7*5-8,  G.=3,  rhombohedral. 

OuvAROViTE  (p.  804),  H.=7'5,  G.=8*5,  color  green,  chromium  reaction. 

Zircon  (p.  304),  H.=7-5,  G.=405-4-75,  zirconia  reaction  (p.  218)  often  in  square 
prisms. 

Staurolite  (p.  386),  H.=7,  G.=8*4-a-8,  always  crystallized,  Ja/=123*. 

Iolite  (p.  811),  H.  =7-7*5,  G.=2-6,  color  blue,  lustre  glassy. 

Quartz  (p.  284),  H.=7,  G.=2-6,  and  Tbidymite  (p.  2«8),  G.=2-3. 

2.  Hardness  below  7. 

(a)  Give  a  bluish -green  flame  when  moistened  with  sulphuric  acid  ;  Zekothib  (p. 
864) ;  MoNAZiTE  (p.  368);  Apatitb  (p.  364). 

(P)  Reaction  for /tVantMw.—RuTiLE  (p.  276);  Brookitb  (p.  277);  Octahbdiutb  (p. 
877),  always  in  square  octahedrons;  Perofskite  (p.  270). 

(y)  Reaction  for  tungsten. — Scheelite  (p.  384),  H.=6,  G.  =4-5-6. 

(i)  Not  included  in  the  above;  Enstatite  (p.  290)*  Diallage  (p.  298);  Akthophti.. 
UTX  (p.  295). 

2.  Fusible. 
A.  Gelatinizing  with  Acid :  farming  a  stiff  JeUy  upon  EwipariOion* 
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1.  Hydrous, 

a.  Hardness  6,  or  above  5. 

Datolite  (p.  834),  in  glassy  crystals,  also  rarely  massive,  never  fibrous,  fuses  with  a 
green  flame  (boron). 

Natrolite  (p.  842),  G.  =2*1 7-2*25,  fuses  quietly  and  easily  to  a  colorless  glass. 

ScoLECiTE  (p.  843),  Thomsonitb  (p.  842),  on  fusion  often  curl  up  in  worm-like 
forms. 

&.  Hardness  below  5. 

GMELiyiTE  (p.  845),  H.  =4*5.  in  hexagonal  or  rhombohedral  crystals. 

PmLLiPsrTE  (p.  845),  H.  =:4-4*6,  in  twinned  crystals. 

Laumontite  (p.  888),  H.=:8'5,  becomes  opaque  on  exposure. 
Pectolite  and  Analctte  are  decomposed  by  acid  with  the  separation  of  gelatinous 
silica,  but  do  not  form  a  stiff  jelly. 


2.  Anhydrous, 

a.  With  hydrochloric  acid  give  off  snlphuretted  hydrogen. 

Danaute  (p.  302),  with  soda  on  charcoal  gives  a  zinc  coatins,  color  flesh-ied  to  gray. 
Helvite  (p.  802),  manganese  reaction  witn  borax,  color  yefiow. 
h.  With  soda  on  charcoal  a  sulphur  reaction. 

HaCynite  (p.  318),  color  sky-blue. 
c.  SoDALiTE  (p.  317),  reaction  for  chlorine. 

WoLLASTONiTE  Qp.  291),  color  white,  lustre  vitreous. 
Nepheute  (p.  316),  hexagonaL 


B.  Do  not  form  a  perfect  JeUy  with  EydrocMorie  Acid, 

1.  Hydrous. 

1.  Structure  eminently  micaceous. 

Chlorites:  Penndote  (p.  355);  Ripidolite  (p.  856);  Peochlorite  (p.  357);  lamino 
tough  but  not  elastic,  colors  green  to  black ;  only  partially  attacked  by  acia. 

Vermiculites :  Jeffebisitb  (p.  855);  also  pyrosclerite,  etc.,  colors  mostly  brown, 
yellow,  also  green,  B.B.  exfoliate  largely,  decomposed  by  acid  with  the  separation  of  silica. 

Lefidomelake  (p.  813),  color  black,  yields  a  magnetic  globule. 

AuTUNiTE  p.  (379),  H.  =2-2-5,  color  bright  yellow. 

Fahlunite  (p.  353),  has  a  more  or  less  ^stinct  micaceous  structure. 

2.  Structure  not  micaceous. 

1.  Reaction  for  iron :  leave  a  magnetic  residue  on  charcoal. 

(«)  Arsenates:  give  arsenical  fumes  on  charcoal. — SooAodits  (p.  875),  orthorhombic; 

Pharmacosideeite  (p.  876),  isometric. 

(^)  Phosphates :  give  a  bluish-green  flame  after  moistening  with  sulphuric  acid. 

Childrenite  (p.  877),  reacts  for  manganese,  fuses  only  on  the  edges,  H.  =4'5-^. 

ViviANTTB  (p.  371),  H.=:l*5-2,  fuscs  easily  to  a  magnetic  globule. 
2    Reaction  for  arsenic  on  charcoal. 

Pharmacolite  (p.  870). 
8.  Borates :  give  a  deep-green  flame  after  moistening  with  sulphuric  acid. 

Borax  (p.  881);  Boracite  (p.  881);  Ulbxitb  Q).  881);  Sussexitb  (p.  siSO). 
4.  Not  included  above. 

(«)  Hardness  5,  or  above  5  (apatite=6). 

Prehnite  (p.  840),  H.=6-6-5,  color  apple-green  to  white. 

Analctte  (p.  348),  H.  =5-5*5,  fuses  quickly  to  a  clear  glass. 

Pectolite  (p.  887),  H.  =5,  usually  in  aggregations  of  acicuLar  crystals. 

Afo?htijuixb  (p.  840),  H.s=4'5-^,  B.B.  a  vioUt-blue  flame. 
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(^)  Hardness  below  6. 
Finite  (p.  852),  H.=3-5-3-5,  compact. 
Pachnolitb  (p.  265),  H.=2-4,  yields  fluorine. 
Chabazite(p.  344),  H.=4-5,  rhombohedral 
Apophylltte  (p.  340),  H.=4o-5,  tetragonal 
Habmotome  (p.  846),  H.  =4*5,  usually  m  compound  crystals. 
Stilbite  (p,  346),  H.  =3*5-4. 
Heulanditb  (p.  347),  H.  =3*5-4. 


2.  Anhydrous 

1.  Yield  metallio  had,  with  soda  on  charcoal. 

Ptbomorphite  (p.  866),  color  green,  gives  a  bluish-green  flame  on  fusion. 
MiMETiTE  (p.  366),  color  yellow  to  brown,  yields  arsenical  fumes  on  charcoaL 
Vanadinite  (p.  367),  color  brownish-yellow  to  reddish-brown,  with  borax  B.F.  an 
emerald-green  bead. 

WuLFEMiTE  (p.  884),  color  bright  yellow  to  red,  reaction  for  tungsten. 

2.  Reaction  torjtuorine,  with  sulphuric  acid. 

(a)  Give  a  bluish-green  flame  after  moistening  with  sulphuric  acid. 
Amblygontte  (p.  369),  gives  a  lithia-red  to  the  flame. 
Tbiplite  (p.  3(39),  a  strong  manganese  reaction. 
Wagnerite  (p.  368),  color  yellow  to  grayish. 
ifi)  Fluoritb  (p.  263),  cleavage  octahedral,  perfect 
Cryoutb  (p.  264),  fusible  in  the  ilame  of  a  candle. 
Lepidolitb  (p.  814),  color  pink,  structure  micaceous. 
8.  Beaction  for  hthia :  give  a  purple-red  color  to  the  flame, 
Spodumbne  (p.  295J,  H.=:6-5-7,  G.=8'13-8*19. 

Teiphylite  (p.  869),  H.  =5,  G.  =8*54-S'6,  gives  a  bluish-green  color  to  the  extremity 
of  the  flame. 

The  mica  lepidolite,  and  also  some  biotite,  give  a  lithia  flame. 

4.  Reaction  for  itxm  with  the  fluxes. 

Vesuvianite  (p.  805),  tetra^nal,  H.=6*5, 
Epidote  (p.  807),  monoclinic,  H.=6-7. 
Garnet  pt.  (p.  802 S  is  isometric,  H.  =6*5-7*5. 
Lepidoheline  (p.  818),  structure  micaceous. 
Hypersthene  (p.  290),  orthorhombic 
Here  fall  also  dark-colored  varieties  of  Amphebole  (p.  296),  and  Ptboxenb  (p.  292). 

5.  Reaction  for  mangcmess  with  borax. 

Rhodonite  (p.  294),  color  usually  rose-red. 
Spessartite  (manganese  garnet,  p.  804). 

6.  Reaction  for  titanium, 

TiTANITB  (p.  885). 

7.  Reaction  for  tungsten, 

SCHEBLITE  (p.  884). 

8.  Not  included  in  the  above. 

Halite  (p.  259),  Sylvite  (p.  260),  soluble  in  water. 

Micas  (pp.  811-814),  structure  eminently  micaceous. 

Apatite  (p.  864),  H.=5,  G.  =2*9-3*25,  a  bluish-green  flame  after  moistening  with 
sulphuric  acid. 

Pyroxene  (p.  292),  H.=5-6,  G.  =8*2-8*5,  monoclinic,  angle  of  prism  98*>. 

Amphibole  (p.  296),  H.=5-6,  G.  =2*9-8*4,  monoclinic,  angle  of  prism  (cleavage 
perfect)  124^' 

Scapolttes  (pp.  815-816),  H.  =5-6-5,  G.  =2*6-2*8,  tetragonal;  B.B.  fuse  with  intu- 
mescence to  a  blebby  glass. 

Zoisite  (p.  808),  H.=6-6  5,  (J.=81-8*88,  orthorhombic;  B.B.  swells  up  and  fuses 
to  a  blebby  glass. 

Feldspars  (pp.  819  to  826),  H.=6-7,  G.  =2*6-2*8,  cleavage  in  two  directions  at  right 
angles  or  nearly  so;  B.B.  fuse  quietly  to  a  clear  glass. 

AxiNiTE  (p.  310),  H.  =6-5-7,  (j.=8-27;  B.B.  reaction  for  boron. 

Tourmaline  (p.  829),  H.=7,  G.=2*9^*8;  no  distinct  cleavage,  commonly  in  three 
or  six-sided  prisms;  B.B.  reaction  for  boron. 

Garnet  (p.  802),  H.=6*5-7-5,  G.=315-4-8,  isometric. 
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APPENDIX. 


TABLE  n. 

Minerals  Arranged  According  to  their  Crystallization, 

The  following  table  contains  the  names  of  all  distinct  species  whose  Crystalline  System 
is  known.  For  convenience,  however,  the  names  of  those  which  are  described  in  detail 
in  the  body  of  the  work  are  printed  in  small  capitals.  The  species  in  each  group  are  ar- 
ranged  according  to  their  specific  gravities. 

I.  CRYSTALLIZATION  ISOMETRIC. 
A.  Lustre  Ukmetallic. 


Sal  Ammoniac  (p.  260). 

Alum  (p.  395) 

Faujasite  (p.  344) 

SVLVITE  (p.  260 ► 

Halite  (p.  259) 

Chlorocalcite  (p.  260). . . 
Kremersite  ip.  261)  . . , . 

SODALITE  (p.  817) 

Analcite  (p.  848) 

Nosite(p.  818) 

Ralatonite  ip.  *26a) 

Hautnite  (p  818) 

?Leucite  (p.  318) 

Oldhamite  (p.  285) 

Pollucite(p.  2H9) 

PHARMACOSIDERriE       (p. 

876) 

Boracite  (p.  381) 

FLUORrrE  (p.  263) 

Xitrobarite  (p.  433) 

Helvtte  (p.  302) 

Garnet  (p.  802) 

DANALlTB(p.  802) 

Hauerite(p.  244) 

Diamond  (p.  228) 

Periclasite  (p.  267) 


Spec.  Gravity  Hardness. 


loa 

1  -56-2 
193 
1-9-2 
2a-2-26 


214-2-4 
2 -2-2 -29 
225-24 
2  4 

2-4"2*5 
2  4-2  56 
2-58 
2-9 

2-9-3 

2-97 

819 

316-3-4 

31-8-8 

315-4-3 

8-43 

8-46 

3-53 

3-67 


1-5-2 
2-2-5 
5 

a 


Spec.  Gitivity ,  Hardne9S 


2-5 


5-5-6 

5-5-5 

5-5 

4-5 

5-5-5 

5-5-0 

4 

6-5 

2-5 

7 
4 

6-6-5 

6-5-7-5 

5-5-6 

4 

10 

6 


Arscnolite  (p.  284) . . . . 

Nantokite  (p.  **60) 

Spinel  (p.  271) 

Hercynite(p.  272) 

Alabanditc  tp.  l;.7). . . . 

Fercylite  (p.  2C2) 

Sfhalipite  (p.  2:  7».. . 
?  Pekofbkite  (p.  270). 
Chrompicotite  (p.  274) . 

Tntomito  ip.  «-iO) 

PyROC  HLORE  (p.  Jj59). . . 

Pyrrhite  (p.  859) 

Gahnite  I  p.  2;  2) 

Thorite  (p.  840) 

Hat(hettolite(p.  4'<8).. 
Mangonositt*  (p.  431). . . 
Senarmonite  (p.  284). . 

Emboliteip.  260) 

Microlite  ip.  859) 

Cerargyrite  (p.  2n0). . 
Huantajjiyite  (p.  250). . 
lodobromite  (p.  429). . . 

Bromyrite  (p.  2(i0) 

Cuprite  (p.  266) 

Eulytite  (p.  802) 

Bunsenite  (p.  267) 


3-70 
8  93 
8-5-41 
3-9-3-95 
8-95-4 

89-4-2 
4-04 
412 
3-9-4-7 
4  2-4-85 


4-4-6 

4-y-6-4 

4-77-4-9 
5-118 
5  2-r)-8 
5  8-5-4 
5 -25-5 -66 
5-6  5 

571 
5  8-6 
5-8-6-15 
5-9^ 
6-4 


15 

2-2  5 

8 

7-5-8 

8-5-4 

2-5 

8-5-4 

6-5 

8 

5-5 

5-n5-5 

6 

7-5-8 

4-5-5 

6 

5-6 

2  25 

1-1-5 

1-15 


2-S 

8-6-4 

4-5 

5-6 


B.  Lustre  Metallic  (and  Submetallic). 


Cubanite  (p.  245) 

Perofskite  (p.  270) 

Chromtte  (p.  274) 

Tennantite  (p.  256) . . . 

Binnite  (p.  251 1 

Magnesioferrite  (p.  273). 

Jacobsite  (p.  272) 

Corynite(p.  247) 

BORNITElp.  237) 

Tetrahedrite  (p.  256). 

LiNNiEITE  (p.  245) 

PYRrrE(p.  243) 

Magxetite  (p  272) 

Frankunite  (p.  273). . . 

Julianite  (p.  256) 

GrQnauite  fp.  237) 

Gersdorffite  (p.  246). . 

Cobaltite  (p.  246) 

Ullmannite  (p.  247). . . 
Smaltite  (p.  245) 


Spec.  Gravity 


40M-2 

404 

4-3-4-6 

4-4-4-5 

4  48 

4-6 

475 

4-99 

4  4-5-5 
4-5-51 
4-8-5 
4-8-5-2 
4-9-5'2 

5  07-5-09 
5-12 
5-18 

5  6-6-9 
6-6-3 
6-2-0-5 

6  4-7-3 


Hardue88. 


5*5 

5-5 

3-5-4 

4-5 

6-6-5 

6 

4-5-6 

3 

8-4-5 

5*5 

6-6-5 

6-5  6-5 

5-5-5-5 

soft 

4-5 

5-5 

6-6 

5-5-5 

5-5-6 


Skutterudite  (p.  246)  . . 
;  Pol yargv rite  (p.  257)  . . 

'Laurite'(p.  247) 

Argentite  (p.  2;35) 

Beegerite  «p.  421) 

Galenite  (p.  235) 

Iron  (p.  226) 

Cleveite(p.  423) 

I  Metacinnabarite  f  p.  241) 
Clausthalite  (p.  286). 
Naumannite  (p.  235). . . 

Altaite(p.  237) 

Copper  (p.  225) 

Uraninite  (p.  274) 

Silver  (p  228) 

Palladium  (p.  224). . . 

Amalgam  i  p.  225) 

Gold  (p.  221) 

Platinum  (p.  223).   .. . 
Platiniridum  (p.  224) . . 


Spec.  Gravity 


6-7-6-8 

6-97 

6-99 

7-2-7-4 

7-27 

7-26  7-7 

7-3-7-8 

7-49 

7-5-7-7 

7-6-8-8 

8-0 

8-16 

8-84 

8-9-25 

10-1-11-1 

11 -3-11 -8 

14 

15-6-19-5 

16-19 

22-6-23 


Hardnen 

- 

6 
2  5 

7  above 
2-2-5 

2^3 

4-5 

6  5 

8 

2  6-4 

26 

3-3  6 

2-5-3 

5*5 

2-5-« 

4-5-5 

8  3-5 
2  5-3 
4-4-5 
6-7 
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The  commonly  occurring  forms  of  some  of  the  Isometric  minerals  are  as  follows: 

1. — Octahedrons. — Alum;  Chromite;  Cuprite;  Diamond;  Franklinite;  Hatchettolitc ; 
Magnetite;  Microlite;  Pyrochlore;  Ralstonitc;  Spinel  (iucL  hercynite,  etc.);  Uraninitc  (and 
cleveite).     Also  Laurite;  Pyrrhite;  Senarmontite,  and  less  commonly  Galenite;  Fluorite. 

2.  Ctt&M.— Boracite;  Gerargyrite;  Flnorite  ;  Galenite;  Halite;  rercylite;  Perofskite; 
Pharmacosiderite;  Pyrite;  Sylvite. 

8.  Dodecahedrons. — Amalgam;  Cuprite  ;  Garnet;  Magnetite. 

4.  Trapezohedrons, — Garnet;  (?)  Leucite;  Analcite. 

5.  Pyritohedrons.—Xjo\MXtiXjQ  ;  Gersdorffite  ;  Hauerite;  Pyrite. 

The  Cleavage  of  Halite,  Sylvite.  Periclasite,  Galenite  is  eminently  cubic ; — of  Flnorite, 
Magnetite,  Diamond,  eminently  octahedral  ;^-oi  Sphalerite,  eminently  dodecahedral. 


n.  CRrSTALLIZATlON  TETRAGONAL. 
A.  LysTRE  Unmetallic. 


MelUtefp.  412) 

APOPHYLLirE  (p.  340). . . 

Loewc'ite  (p.  394) 

?  Leucite  (p.  "318)  . . . 

Sarcolite  (p.  316) 

WBRNERrrs  (p.  316)... 

Meionite  ip.  315) 

Edingtonite  (p.  341). . . 

Chiolite  (p.  264) 

Sellaite  (p.  264) 

Gehlenite  (p.  831) 

Mellilite  (p.  30(5) 

Ohodnefflteip.  2lJ4) 

Zeunerite  (p.  379) 

Vesuvianite  (p.  805).. 
Torbernite  (p  378). . . 
Kochelite  (p.  363). 


Spec.  Gravity 

Hardness. 

1-55-1 -65 

2-2-5 

2a-2-4 

4-5-5 

2  88 

2-5-3 

2 -4-2 -56 

5-5-6 

2-5-2'9 

6 

2-63-2-8 

5-6 

2-6-2  74 

6  5-6 

2-7 

4-4-5 

2'7-2-9 

4 

2-97 

5 

20-3  07 

5-5-6 

2-9-81 

5 

3  0 

3  2 

2-2  5 

3  35-3-45 

6-5 

3-4-3-6 

2-2-5 

3  74 

3-3  5 

Spec.  Gravlt}- 

Hardness. 

Adelpholite  (p. 868)  ... 

3-8 

8-5-4-5 

OCI'AHEDRITE  (p.  277).  . 

8-8-3 -96 

5-fiH6 

RuTiLE(p  276) 

4-18-4-25 

6-6-5 

Xekotime  (p.  364) 

4-45-4-56 

4-6 

Zircon  (p.  304) 

4-4-75 

7-5 

,Azorite(jp.  859) 

Romeiteip.  370) 

4-7 

5-6 

Sipylito  (p.  4::6) 

4-89 

6 

Monimolite  (p.  370). . . . 

5  94 

4-5-5 

SCHEELITE  (p.  884) 

5-9-6-08 

4-5-6 

iPhosgenfte  (p.  408>. . . 

6-6  8 

2-75-3 

Calomel  (p.  260) 

6-48 

1-2 

Cassiteeite  (p.  275). . . 

6-4-7-1 

6-7 

Wulfenite  (p.  384) 

6-7  01 

2-75-3 

Eosite(p.  885) 

8-4 

Matlockite  (p.  262) 

Stolzite  (p.  884) 

7-2 

2-76-3 

7-9-8-13 

2-75-8 

fi.   Lustre  Metallic  (and  Submetallic). 


Chalcopyritb  (p.  244). 

Stannite  (p.  245) 

Hausmannite  (p.  277). . 


Spec.  Gravity 


41-4-8 
4-8-4-5 
4-72 


Hardness. 


3-3-4 

4 

&-5-5 


Brannite  (p.  277) 

Fergusonite  (p.  862). 
Nagyagite  (p.  249). . 


Spec.  Gravity  Hardness. 


4-75-4-8    I  6-6-6 
5-84  6-&-6 

6-85-7-2       1-15 


IIL  CRYSTALLIZATION  HEXAGONAL. 

A.    LuBTRB  IjNMETAIiLIC. 


Ettringite  (p.  895) 

Coquimbite  (p.  395) 

Gmelinite  (p.  345)  R*. 
Chaba2ite  (p.  844)  R. . 

Levynite  (p.  848)  R 

Zincaluminite  (p.  440). . 
?Tridymite(p.  288)... 

Hallite(p.  855) 

Cancrinite  (p.  817). . .  . . 
Chalcophyllite  (p.  876) . 
Nephelite  (p.  316) 


Spec.  Gravity 

HardnesH. 

1-76 

2 

2-2  1 

2-^-5 

2-04-2-17 

4-5 

208-2-19 

4-5 

21-216 

4-4-5 

2-26 

2-5-3 

2-28-283 

7 

^•4 

2  •4-2-5 

5-6 

2-4-2  66 

2 

2-5-2-66 

5-&-6 

Pyrosraalite  (p.  840). . . 

Dreelite  (p.  890)  R 

Magnbsitw  (p.  402)  R. . 
Cronstedtite  (p.  367J. . . 
Dioptase  (p.  801)  R. . . 
Rhodochrosite  (p.  403) 

R 

Volbori;hite  (p.  374). . . . 

Brucite  (p.  281)  R 

SiDERITE  (p.  403)  R 


Spec.  Gravity 

Harduess. 

3-3-2 

4-4-6 

8  2-3-4 

3-5 

8'3 

3-5-4-6 

3  36 

2-5 

8  86 

5 

8-4-8-7 

3-5-4'5 

3-55 

8-3-6 

3-6-4 

2  5 

3-7-8-9 

3 -5-4-5 

*  species,  after  whose  names  an  B  is  written,  belong  to  the  Rhombohedral  Division. 
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Quartz  (p.  284)  R 

CALCITE(p.  398)  R 

Microsommite  (p.  317) . 

Alunite(p.  396)  R 

Beryl  (p  299) 

Penninite  (p.  355)  R. . . 

Catapleiite  ip.  339) 

DOLOMTTE  (p.  4  »1)  R. . . 
Eudialyte  (p.  299)  R... 
TOURMAUNE  (p.  329)  R. 
Ankbritb  (p.  4  )2)  R. . . 

Apatite  <p.  364) 

Phenacite(p.  301)  R... 

Seybertite  (p.  358) 

Priedelite(p.  302)  R... 
Breunerite  ip.  402)  R  . . 

VVurtzite  (p.  24-3) 

Ck)RnNDUM  ip.  267)  B. . . 


Spec. Gravity;  HiirdnefB. 


2-5-2 -8 

7 

2-5-2  78 

25-8-5 

2-60 

6 

2-6-2-76 

3-5-4 

2-6-2-76 

7-5-8 

2-6-285 

2-2-5 

2-8 

6 

2-8-2  9 

3-5-4 

2-9-3 

6-5 

2-94-3-3 

6-5-7-5 

2-9.V-31 

3-5-4 

2-9-3-25 

5 

2  96-3 

8 

3-3  1 

4-5 

3-07 

4-75 

3-32 

4-4-5 

8  98 

8-5-4 

3-9-4'16 

9 

WiLLEMITE  (p.  301)  R.  . 

Smttebontte  (p.  404)  R. 

l^arisite(p.  408) 

C'ovellite  (p.  249) 

Cerite  (p.  840) 

Fluocente(p.  264) 

Greenockite  (p.  242) . . 

ZiNCITEip.  266) 

Io(lyrite(p.  2CU) 

Proustite  (p  253)  R. . . 
Ptrarqtrite  (p.  252)  R 
Schwartzembergite    (p. 

262) 

Tysonite  (p.  439) 

IPybomorphitb  (p.  866). 

IVanadinite  (p.  367) 

Mimetite  (p.  866) 


ISpec.  Gravity-  Uardn 


8-9-4-3 

5-5 

4-4-45 

5 

4-:?5 

4-5 

4-6 

1-5-2 

4  91 

55 

4-7 

4-5 

8  8-5 

8-3-5 

5-4-5-7 

4-4-6 

5  5-5-7 

soft. 

5-4-5-56 

2-2-5 

6-7-5-9 

2-2-5 

57-6-3 

2-2-5 

613 

45-5 

6-5-71 

8-5-4 

G-7-7-23 

2-5-S 

7-7-25 

8-5 

B.  Lustre  Metallic  (and  Submetallic). 


Graphite  (p.  230) 

Chaleophanite  (p,  283). . 

Pyrrhotite  (p.  241) 

Molybdenite  (p.  233). . 
MENACcAyiTB  (p.  269)  R 
Hematite  (p.  -^68)  R... 

Beyrichite  (p.  241) 

Millerite  (p.  241)  R . . 
Pyraruyrite  (p.  252)  R 

Arsenic  (p.  22(5)  R 

Tellurium  (p.  227) 


Spec.  Gravity  I  HardneH:*. 


21-2-23 

8-91 

4-4r4-7 

4-4-4-5 

4-5-5 

45-58 

4-7 

4-6-5-65 

5-7^9 

5-93 

6-1-6-3 


Allemontite(p.  227).... 
Antimony  (p.  227)  R. . . 
Tedradymitk  (p.  233). . 
Niccolite  (p.  242)  . . . . 
Breitbauptite  (p.  243). . 

Joseite(p.  238) 

Wehrlite  (p.  283) 

Cinnabar  (p.  240)  R  . . 

Bismuth  (p.  227) 

Iridosmine  (p.  224) 


Spec.  Gravity  Hardnera. 


6 13-6  2 
6-6-«-7 

7-2-7-9 

7-3-7-7 

7-54 

7  93 

8-44 

9-0 

9-73 

19-3-21 


3-3-5 

8-3-6 

2 

5-5-6 

5-5 

soft. 

1-2 

2-2-5 

2-2-6 

6-7 


The  crystals  of  the  following  species  are  sometimes  Pseudo-Hexagonal  (see  pp.  96,  97, 
and  188-190)  as  a  result  of  repeated  twinning  : 

Aragonite,  cerussite,  chrysoberyi,  jordanite,  leadhillite,  milarite,  stephanite,  strontiao- 
ite,  witnerite,  zinkenite. 

The  specie?  of  the  mica  group  and  most  of  those  of  the  chlorite  groups  are  also  Pseudo- 
Hexagonal,  the  true  form  (monoclinic)  approximating  very  closely  to  that  required  by 
the  hexagonal  system. 

IV.  CRYSTALLIZATION  ORTHORHOMBIC. 

A.  Lustre  Unmetallic. 


iSpec.Gravity  Hardiics:* 


Struvite  (p.  37.) 

Lecontite(p.  392> 

Aphthitalite  (p.  390). . . 

Mascagnite  (p.  3:l2) 

EP80MITE(p.  394) 

Fauserite  (p.  394) 

Nitre  (p.  379) 

Erythrosiderite  (p.  261). 

Newberyite  (p.  432) 

Goslarite  (p.  895) 

Sulphur  (p.  228) 

Natrolite  (p.  342) 

?Pilinite(p.  344) 

?  Gismomiite  (p.  341) . . 

Eudnophite  (p.  344) 

Thomson ite  (p.  342)... 

Wavelltte  (p.  376) 

SCORODFTE  (p.  375) 

Porsterite  (p.  300) 


1-65-17 

1-73 
178 
1-75 
1-89 
1-94 


2  04 

207 

2-17-2-25 

2-26 

2-265 

2-27 

23-2-4 

2-84 

31-3-3 

3-2-3-38 


2 

2-2-5 

8-5-5 

2-2  5 

2-25 

2-2-5 

2 


2-2-5 

1-5-2-5 

5-0-5 

45 
5  5 
5-55 
8  4 
8-5-4 
6-7 


ZoisiTE(p.  308)   

Dufrenite  (p.  378) 

('ALANINE  (p.    339) 

?  Astrophyllite  (p.  313). 

Hypersthene  (p.  290) . 

Euchroite  (p.  878) 

DiASPORE  (p.  279) 

Chrysolite  (p.  303) 

Uranospinite  (p  379)  . . 

Orpiment  (p.  231) 

Quarinite  (p.  386) 

Seppierite  (p.  436) 

.Langite(p.  897) 

Triphylite  (p.  369). ... 

Topaz  (p.  382) 

I  Ardennite  (p.  310) 

'  Triplite  (p.  369) 

Staurolite  (p.  336) 


Spec.  Gravity  Hardnefla. 


3-1-3-38 

3-2-3-4 

316-39 

8-32 

3-39 

3-89 

8-8-35 

3-3-3-5 

845 

8-48 

3-49 

8-5 

8  54r-3-6 

3  •4-3-68 

8-82 

3-4-3 -8 

3-4-8-8 


6-6-5 

3-5-4 

4-5-5 

8 

5-« 

8-^-4 

6-5-7 

6-7 

2-8 

1-5-2 

6 

2*-8 
5 

8 

6-7 
4-5-5 
7-7-5 
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Fore8ite(p.  847) 

Kaolinite  (p.  851) 

Pe^nite  (p.  378) 

Milarite  (p.  4o2} 

Kieserite  (p.  894) 

IOLITE(p.  801) 

Lanthanite  (p.  410).  • . 

Talc  (p.  348) 

Aspidoiite  (p.  312) 

Pyrophyllite  I  p.  849).. 
Phlooopite  (p.  812). . . 
Haidingerite  (p.  371). . . 

Peehnite  (p.  340) 

Strengite  (p.  437) 

Araoonite  (p.  40"»». . . . 

Anhydrite  (p.  889) 

Herderite  (p.  87.) ) 

VillarsitMp.  -'54 ») 

PlueUite  (p.  264) 

Danburite  (pp.  311,424) 
ManKanocalcite  (p.  406). 

DiacTasite  (p.  291 ) 

Kupflferitj(p.  298) 

Seyoertite  (p.  :J58) 

Tyrolite(p.  3:4) 

Reddingite  (p.  435)  . . . 
Autunite  (p.  379) .  . . . 
Anthophyllitb  (p.  295). 
Andalusite  (p.  381). . . 

HuMiTE  (p.  327) 

Monticclhto  (p.  300) 

Eosphorite  (p.  428).  . . 
Childrenite  (p.  877) . . 
EXSTATITE  (p.  290) 


Spec.  Gravity 

Hurdneijis. 

2-41 

2-4-2 -63 

1-2  5 

2-5 

8-3-5 

2-5-259 

5-5-6 

2-52 

2-5 

2  66-2-67 

7-7-5 

2-6-2-67 

2-5-8 

2-6-2-8 

1-1-5 

2  72 

1-2 

275-2-9 

1-2 

2-78-2-85 

2-5-3 

2-85 

1-5-2-5 

2-8-2-9 

6-6-5 

2-87 

8-4 

2-98 

8-5-4 

2-9-2-98 

8-3-5 

2  98 

5 

2-99 

4-5 

8 

3 

7-7-2.5 

804 

4-5 

8-01 

3-5-4 

3-08 

5-5 

3-3-1 

4-5 

3-8-1 

1-2 

3-10 

8-8  5 

8-05^-19 

2-2  5 

31-8-2 

6-6 

8-1-3-2 

75 

81-8-24 

6-6-5 

8-8-25 

5-5-5 

8-18 

5 

8-18-8  24 

4-5-5 

81-8-8 

5-5 

Spec.Oravity  Hardness 


Uranocircite  (p.  489). . . 
Ghrysobkryl  (p.  274'. . , 
Strontianitb  (p.  406) . , 
Knebeliteip.  800) 

LiBETBENlTE   (p.  378)  .  ., 

Bromlite  (p.  406) ' 

Atacamite  (p.  261) ' 

Claudetite(p.  284) 

Hortonolite  (p.  300) I 

ICelestite  (p.  888) ' 

Roepperite  (p.  800) 

Stembergite  (p.  2  tO) . . . 

Cervantite  (p.  284) 

iTephroite  (p.  800) , 

Brookite  (p.  277) ! 

|GOTHITE  (p.  260) ' 

Olivenite  (p.  873) 

WiTHERITE  (p.  406).  .  .  . ; 
BARITE(p.  887) [ 

Molybdite(p.  284) | 

EUXENITE  (p.  862) 

Polymignite  (p.  862)...' 

Polycrase  (p.  362) ; 

-^SCHYNITE  (p.  862) ' 

Cotunnite  (p.  261) 

Valentin iTE  (p.  284). . . 
Descloizite  (p.  867) .... 

Pucherite  (p.  867) 

Anolesite  (p.  889) 

Kentrolite(p  480) 

Leadhillitb  (p.  890). . . 

CERU88ITE  (p.  407) 

Nadorite  (p.  370) 

iMendipite  (p.  202) 


8-58 

3-5-8-84 

8-6-3 -71 

8-71 

8  6-8-8 

87 

8-';  6-8-9 

3-85 

8  91 

8-9-8-98 

3-98-4-08 

4-21 

4  08 

4-4-12 

4-03-4-23 

4-44 

4-1-44 

4-8 

4-8-4-7 

4-5 

4-6-5 

4-7-4-85 

5-1 

4-9-514 

5-24 

5-57 

5-84 

5-91 

6-1-6-39 

6-19 

6-26-6-44 

6-48 

702 

7-71 


8-5 

3-5-4 

6-5 

4 

44-5 

8-8-5 

6-5 

8-8-5 

5-5-6 

1-1-6 

4-5 

6-6-6 

6-5-« 

5-6  6 

8 

8-5-75 

2-5-8-5 

1-2 

65 

6-5 

5-5 

6-6 

soft 

2-(!h« 

8-5 

4 

276-8 

5 

2-5 

3-8-5 

8 

2-5-8 


B.  Lustre  Metallic  (and  Submetallic). 


Ilvaite  (p.  809) 

Manoanite  (p.  280) 

Chalcostibite  i  p.  250). . . 

Enargite  (p.  257) 

Epigenite  (p.  25S) 

Spathiopynte  (p.  246) . . 
Stibnite  (p.  282) . .  . . 
Famatinite  (p.  258). . . . 
Klaprotholitv3  (p.  251).. 

Marcasite  (p.  247) 

Livingstonite  (p.  232). . 

StyJotypite  (p.  254) 

Pyrolusite  (p.  278) 

Wittichenite  (p.  254). . . 

Guejarite  (p.  428) 

Guanajuatite  (p.  283) . . 

Emplectite  (p.  250) 

Zixkenite  (p.  250) 

Sabtorite  (p.  250) 

Samarskite  (p.  861).. . . 

Dufrenoysite  (p.  251). 

Yttrotantalitb       (p. 

861) 


Spec.  Gravity  HardncoH 


8-7-4-2 

5-5-6 

4-2-4-4 

4 

4-25-5 

8-4 

4-44 

8 

8-5 

4-5 

6-7 

4-52 

2 

4-57 

85 

4-6 

2-5 

4  •7-4-85 

^-65 

4-81 

2 

4-79 

8 

4-82 

2-2  5 

5 

3-5 

5-03 

85 

515 

5-1-5  26 

2  2-6 

5  35 

3-8-5 

5-39 

8 

6-45-^-7 

5-6-6 

5  5^-6 

8 

r.  .  . 


5-4-5-9 


5-5-5 


Jamesonite  (p.  251) . 
Ghalcocite  I  p.  289). . 

COLUMBITE  (p.  860).  . 
IBOURNONITE  (p.  258). 

jDiaphorite  (p.  2r)2). . . 
Glaucodot  (p.  248)... 
Aikinite(p.  254) 

POLYBASITE  (p.  257).  . 

Stephanite  (p.  256). . 
Stromeverite  (p.  240). . . 
Woifachite  (p.  247).... 
Arsenopyrite  (p.  247). . . 

Jordanite  (p.  251) 

Geocronite  (p.  257) 

Alloclasite  (p.  248) 

Bismuth  r KITE  (p.  232). . 
Leiicopyrite  (p.  248) . . . 

LSllingite  (p.  248) 

Acanthite  (p.  239). . . . 
Tantalite  (p.  859) . . . . 

Hessite(p.  288) 

Krennerite  (p.  480) 

Dyscuasite  (p.  234). . . 


Spec.  Gravity  Hardness. 


5-5-0-8 

5  5-5-8 
5-4-6-5 
5-7-6-9 
5-90 
GO 

61  6-8 
621 

6  27 
6-2-6-3 
6-37 

6  6-4 

6-4 

6-4-6-6 

66 

6-4-7-2 

6  2-7-8 

6-8-8-7 

7-16-7-8 

7-8 

8-3-8-6 

9 -4-9 -8 


2-8 

25-8 

6 

2-5-8 

2-5-3 

5 

2-2-5 

2-8 

2-2-5 

2-5-8 

5-6 

5-5-6 

2-8 
4-6 
2 
5-5-6 

2-5 

6-6-5 

2-8-6 

3-5-4 
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CRYSTALLIZATION  MONOCLINIC. 
A.  LusTBB  Unmetallic. 


Spec.  Gravity 


Natron  (p.  409) 

MiRABILITE  (p.  392). . . 

Borax  (p.  381) 

Copperas  (p.  394) 

Gay-Lussite  (p.  409). . 

Botryogen  (p.  395) 

Whewdlite  (p.  412). . . . 

Teona(p.  408) 

Hydromagnesite  (p.  409) 

SCOLKCITB  (p.  343) 

Stilbitb  (pp.  346,  487) 

Phillipsitb  (pp.  845, 
483) 

Heulandite  (p.  847). . 

Gypsum  (p.  ^9^) 

GiBBSITE  (p.  2S2) 

Syngenite  (p.  394) 

Laumontitb  (p.  338).. 

Epistilbite  (p.  347). . . 

Brewsterite  (p.  347) 

PeUlite(p.  295) 

Habmotome  (p.  346). . . 

Orthoclase  (p.  325). . . 

Vivianite  (p.  371) 

RiPIDOLITE  (p.  356) . . . 

Pectolite  (p.  887).   . . . 

Pharmacolite  (p.  370) 

Glauberitb  (p.  391). . . 

Biotite  (p.  312),  Lepi- 
dolite  and  other 
Micas 

Muscovite  (p.  313) 

Vaalite  (p.  335) 

WOLLASTONITE  (p.  201) 

Datolite  (p.  334) 

Hyalophane  (p.  322). . 
Prochlorite  (p.  357)  . . . 
Corundophilite  (p.  358). 

Isoclasite  (p.  373) 

Cryolite  (pp.  264.  424) 
Thomsenolite  (p.  438). . 
Pachnolitb  (p.  265). . . 
Leucophanite  (pp.  800, 

480) 

Margaritb  (p.  357) 
Amphibole  (p  296). 
Erythrite  (p.  372) 


«  •  • 


ft  ft  • 


1-42 
1-48 
1-72 

1  •8-2-2 
1-9  1-99 
2-04 

2-11 

2-14-218 
2-1-2-4 
2-09-2-2 

2-20 

2-2 

2-8-2-38 

2-3-2-4 

2-25-2-8 

2  2>-2-:i6 
2-25^2  86 
2-43 
2-4-2-5 
2-4) 
2-4-2-6 

2  58-2-68 
2-6-2-8 
2-65-2-8 
2-(V-278 
2  6-2  85 


2-7-81 
2-7-3-1 

2-78-2-9 

2-8-8 

2&-2-9 

2-8-2-96 

2-9 

2-92 

2-9-3 

2-93-8 

2-97 
2-99 
2-9-3-4 
2-95 


Hardness. 


1-1  5 

1-5-2 

2-2-5 

2-2-5 

2-3 

2-2-5 

2-6-3 

2-5-3 

8-5 

5-5-5 

3  5-4 

4^-5 

3-5-4 

1-5-2 

2-5-3-6 

2-5 

8-5-4 

4-4-5 

4*5-5 

6-(i-5 

4-5 

6  6  5 

15-2 

^2-5 

6 

2-2-5 

2-5-3 


2-5-3 
2-2-5 

4-5-5 

5.5-5 

6-6-5 

1-2 

2-5 

1-5 

2-5 

25-4 

8-5-4 
85-4-5 
5-6 
2-2  5 


Spec.  Gravity 


Waqnerite  (p.  868). . . 
KSttigite  (p.  372). . . . . 
Ludlamite  (p.  b72). . . . 
Spodumene  (p.  295)... 

Lazulitg  (p.  875) 

EUCLABE  (p.  338) 

Herrengrundite  (J).  428) 

Johannite  (p.  397) 

Chondboditb  (p.  827). 
Clinohumitb  (p.  328). . 

i  Pibrolite  (p.  881) 

I  Allanite  (p.  808) 

Epidote  (p.  307) 

PYR0XENR(p.  292) 

Acmite  (p.  294) 

HoraiUte(p.  429) 

Dickinsonite  (p.  426). . . 
Piedmontite  (p.  308). . . 

Fillowite(p.  427) 

Realgar  (p.  231) 

TiTANITE  (p.  335) 

^girite  (p.  294) 

;Keilhauite(p.  886) 

|Azurite  (p.  411) 

Barytocalcite  (p.  408) 
,Triploidite  (p.  439). . . . 
Chalcomenite  (p.  4'^2). . 
Malachite  (p.  411). . . 
Brochantite  (p.  896). 

TrSgerite  (p.  879) 

Durangite  (p.  870) 

Gadolinite  (p.  309). . . . 
Pyrostilpnite  (p.  262). . 
Clinoclasite  (p.  374). . 
MoNAZiTE  (p.  868),  Tur- 

;     nerite 

'MlAROYRITE  (p.  249). . . 
LlNARITR  (p.  896) 

;  Vauquelinite  (p.  886) 
Laxinannite  (p.  386). . . 
VValpurgite  (p.  879)... 

Crocoite  (p.  385) 

Lanarkite  (p.  891). ... , 
Caledonite  (p.  391;. 
Mcgabasite  (p.  883). 
IlQbnerite  (p.  883) 


I. . . 


8-07 

81 

812 

81-319 

a-«12 

8-1 

813 

8-19 

3-1-8 -24 

8-1-3  24 

3-2-3-3 

3-4-2 

3-25-3-6 

8-2-8  5 

8-2-3  53 

3-84 

8-34 

3  4-4 

3-43 

3-4-8-6 

3-4-3  56 

8  45-8-6 

3-7 

3-5-3-83 

3-64-3-66 

3-7 

8-76 

3-7-4-01 

3-8-8-9 

3-96 

3-95-4-08 

4-4-5 

4-2-4-26 

4-2-4 -86 

49-5-26 

6-2-5-24 

6-8^-45 

5-5-5-78 

5-77 

6-8 

6-9-«-l 

0-3-7 

64 

6-45 

7-14 


Ilardnesa 

6-5  5 

2  5-3 

3-5 

6-5-7 

5-6 

7-5 

2-5 

2-25 

6-6-5 

6-6-5 

6-7 

5-5-6 

6-7 

5-6 

6 

4-5-5 

8-5-4 

6-5 

4-5 

1-5-2 

5-5-5 

5-5-6 

6-5 

3-&-4 

4 

4-5-^ 

3-5-4 
3-5-4 

5 

6-5-7 
2 
2-6-^ 

5-5-5 

2-2*5 

2-5 

2-5-8 

8 

2  5-3 
2-2-5 
2-5-3 
8-&-4 
45 


B.  Lustre  Metallic  (and  Submetallic). 


Spec.  Gravity 
3-4-2 

HardncBf«. 

spec.  Gravity 
6-84 

Hardnesa 

Allanite  (p.  308) 

6-5-6 

Meneghinite  (p.  256). . . 

2-5 

Clarite(p.  253) 

4-46 

3-5 

Freikslebenite  (p. 252) 
Wolframite  (p.  393). . 

6-6-4 

2-2-5 

Crednerite  (p.  278) 

4-9-5-1 

4-5 

7-1-7-65 

5-5-5 

Miargyritb  (p.  249). . . 

5-2-5-4 

2-2-5 

Sylyanitb  (p.  248) 

8-8-3 

1-6-2 

Plagionite  (p.  251) 

5-4 

2-5 
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CRYSTALLIZATION  TRICLINIC. 


Sassolite  (p.  880) 

Hannayite  (p.  428) 

Chalcanthite  (p.  894). 

Wapplerite  (p.  371) 

Microcline  (p.  326) 

Albtte  (p.  323) 

Oliooclase  (p.  323^ 

Labradokite  (p.  321). . 

Monetite  (p.  432) 

Andesite  (p.  322) 

Anorthite  (p.  321) 


Spec.  Gravity 

Hardness. 

'  1-48 

1 

i  19 

;  2-21 

2-5 

2-48 

2-2-5 

2-.54 

2  •59-2-6,5 

6-7 

2-05-2  69 

6-7 

2-67-2-70 

6 

2-75 

3-5 

'  2-61-2-74 

6 

2  •66-2-78 

6-7 

Eggonite  (p.  425) 

Amblyqonite  (p.  369) . . 
Pairfieldite  (p.  426).... 

Axinite  (p.  310) 

Babingtonite  (p.  295).. 

iCyanite  (p.  832) 

I  Rhodonite  (p.  294) 

jVeszelyite  (p.  878) 

Roselite(p.  372) 

?  Brochantite  (p.  896 ». 
Pseudomalachite  (p.874) 


Spec.  Gravity  Hardnew. 


3-3-11 

8-15 

3-27 

8-8-8-87 

8-4-8  7 

3  4-8-7 

8-5 

a-5-3-58 

3-8-3-9 

4-4-4 


4-6 
6 

;j-5 

0-5-7 

5  5-6 

5-7-25 

5-6-0-5 

4 

8-5 

8-5-4 

4-5-5 


ZZL  AXTZIUART  TABLSa 


A.  Minerals  whose  Hardness  is  equai  to,  or  greater  than,  7  (Qiuirtz=7). 


Quartz  (p.  284) 
Tridymite  (p.  288) 
Danburite  (p.  311) 
Boracite  (ciystals)  (p. 
Cyanite  (p.  332) 
Tourmaline  (p.  329) 
Garnet  (p.  302) 
lolite  (p.  311) 
StauroTite  (p.  336) 
Schorlomite  (p.  887) 


Hardness. 


381) 


7 
7 
7 


5-7-25  VL 
6-5-7-5  III. 
6-5-7-5  L 
7-7-5  IV. 
7-7-5  IV. 
7-7-5       — 


Cryst.» 
III.   (R) 
IIL? 
IV. 
I. 


(R) 


Euclase  (p.  838) 
Zircon  (p.  314) 
Andalusite  (p.  331) 
Beryl  (p.  299) 
Phenacite  (p.  301) 
Spinel  (p.  271) 
Topaz  (p.  332) 
Chrysoberyl  (p.  274) 
Corundum  (p.  267) 
Diamond  (p.  228) 


Eardness. 
7-5 
7-5 
7-5 
7-5-8 
7-5-8 
8 
8 

8-5 
9 
10 


Crvst 

IL 
IV. 

in. 

III. 

I. 

IV. 
IV. 

III. 
I. 


(R) 


(R) 


The  following  minerals  have  hardness  equal  to  6-7,  or  6-5-7. 

Iridosmine,  III. — Cassiterite,  II.;  Diaspore,  IV.;  Chrysolite,  IV.;  Spodumene,  V. ; 
Epidote,  V. ;  Ardennite,  IV. ;  Gadolinlte,  V. ;  Fibrolite,  V. ;  Feldspars,  VI. ;  Axinite,  VI. 

B.  UnmetaUic  Minerals  which  are  distinctly  foliated  in  some  of  their  varieties. 

1.  Micaceous:  easily  separable  into  very  thin  laminte,  flexible  to  slightly  brittle. 

a.  Micas  (pp.  311  to  315):  lamiu®  tough  and  elastic,  except  when  they  have  under- 
gone alteration;  Anhydrous.  Here  are  included  the  species:  Phlogopite;  Biotite;  Musco- 
vite;  Lepidolite;  Gryophyllite.     These  graduate  into  the 

HtdrO'Micas  (pp.  853,  354),  in  which  the  laminaB  are  inelastic  and  more  or  less 
brittle.  Here  belong:  Fahlunite;  Margarodite;  Damourite;  Paragonite;  Cookeite;  £u- 
phyllite ;  Oellacherite,  etc. ;  and  related  to  these,  Margarite. 

Lepidomelane  is  another  mica  (anhydrous  or  nearly  so)  whose  folia  are  nearly  in- 
elastic.    Astrophyllite  is  a  micaceous  member  of  the  pyroxene  family. 

b.  Chlorites  (355  to  357) :  laminae  tough  but  mostly  inelastic ;  hydrous  ;  color  gen- 
erally dark-green.  Here  are  included :  Penninite ;  Ripidolite ;  Prochlorite,  etc.  These  are 
related  to  the  Vermiculites  (p.  855*,  in  which  the  laminsB  are  less  tough,  being  more  or 
less  brittle:  Jefferisite;  Pyrosclerite,  etc. 

c.  Pyrophyllite.  Talc,  sometimes  rather  micaceous,  laminsB  soft,  and  somewhat 
greasj  to  the  feel.  Brucite  is  related  in  character,  but  differs  chemically  in  being  soluble 
in  acids. 

d.  Torbemite,  color  deep-green;  Autunite,  color  yellow  to  bright-green,  laminae  brittle. 


•  Here,   as  elsewhere,  I. = Isometric ;  II. = Tetragonal ;  III.  =  Hexagonal ;    IV. = Ortho- 
rhombic;  V  ^Monoclinic;  VI.=TricliDic. 


24  APPENDIX. 

2.  Not  properly  micaceous,  though  separable  more  or  less  easily  into  thin  lamins. 
Chloritoid  (p.  858>  and  Seyberti^e  (p.  868)  flre  foliated,  the  lurainaj  not  separating 
sadly.     So  also  Bronzite,  Hyperstinene,  Diallage,  and  Marmolite. 

Gypsom  sometimes  oooon  in  soft,  separable  laminan  (var.  Selenite),  slightly  flexible 
Zincite  and  Erythrite  are  sometimes  foliated  but  not  separable. 

0.  UhmetalUe  MineroU  uhich  in  some  of  their  vorietUs  have  a  fibbous  itrueiure, 

1.  Easily  separable  into  flexible  fibres. 

Asbeetus  (=amphiboie) ;  Orocidoiite  ;  Cbrysotile  (= serpentine);  Anthrosideriteu 

2.  Fibrous,  not  easily  separable ;  structure  irradoating  into  columnar. 

Anhydrov*  SiUcates: — Enstatite;   Wollastonite ;   Fibrolite ;  also,   though  more  properlj 
oolumnar  in  structure  : — Cyanite ;  Epidote ;  Tourmaline. 

Hydrous  SiUeates,  Zeolites  mostly :— Thomsonite ;  Okenite ;  Natrolite ;  Sooledte ;  Peoto- 
lite ;  Garpholite.     Also  some  Serpentine. 

Phosphates;  Arsenates: — Wavellite;  Gaooxenite  ;  Phazmaoolite ;  Dufrenite;  OliTBiiito 
Yivianite;  Fyromorphite. 

Sulphates:  Anhydrite;  Barite;  Gelestlte;  Gypsnm. 

Carbonates:'~CQlcite;  Rhodochroeite ;  Magnesite;  Hydromagnesite;  Aragonite;  Mala- 
chite. 

Also: — Brucite  (nemaiite);  Sussexite;  Ulexita. 
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Abriachanite,  420, 
Acadialite,  844 
Asanthite,  289. 
Achromatite,  885. 
Achroito,  380. 
Acmite,  204. 
Actinolite,  297. 
Adamine,  Adamite,  878;  420. 
Adelpholite,  368. 
Adular,  Adularia»  825. 
^girine,  -^ffyrite,  294. 
ASrinite,  :',50. 
^schynite,  862. 
Agalniatolite,  349,  852. 
A^aris  mineral,  400. 
Agate,  286. 
Aglaite,  420. 
A^ricolite,  802. 
Aikinite,  25 i. 
Aikitc,  4 :6. 

Akanthit,  v.  Acanthite. 
Akmit,  V,  Acmite. 
Alabandite,  V87. 
Alabaster,  898. 
Alalite,  298. 
Alaskaite,  420. 
Alaun  V.  Alum. 
Alaunstein,  896. 
Albertito,  416. 
Albite  823;  420. 
Alexandrite,  275. 
Algodonite,  285. 
Alr^ite,  851. 
Alianite,  806, 
AUeraontite,  227. 
Alloc hroite,  v.  Andradite. 
Alloclasite,  248. 
AUophane,  841. 
Allophite,  8")6 
Almandin,  Almandite,  803. 
Alshedite,  488. 
Alstonite.  v,  Bromlitc. 
Altaite,  237. 
Alum,  Native,  8d5. 
Alumina  =  Aluminum  oxide. 
Aluminum  carbonate,  410. 

chloride,  260. 

fluoride.  264,  265. 

fluo-silicate,  382. 


I  Aluminum  hydrate,  2T9, 082. 
hydro  -  sulphate, 

395. 
mellate,  412. 
oxide  (Alumina), 

267. 
phosphate,     875, 
876,   877,   378, 
489. 
silicate,  881,  882, 

841,  849,  851. 
sulphate,  895, 896. 
Aluminite,  895. 
Alunite,  896. 
Alunogen,  895. 
Amalgam,  225. 
Amazonstone,  825. 
Amber,  415. 
Amblygonite,  869;  420. 
Amblvstegite,  290. 
Ambnte,  415. 
Ambrosine,  415. 
Amesite,  424. 
Amethyst,  286. 
Amianthus,  297,  860. 
Ammonia,  V.  Ammonium. 
Ammonium  chloride,  260. 
oxalate,  433. 
phosphate,  371. 
sulphate,  89^ 
Amphibole,  296;  420. 
Amucite,  Analcime,  848. 
Anatase,  277. 
Andalusite,  881. 
Andesine,  Andesite,  822. 
Andradite,  304 
Andrewsite,  878. 
Anglesite,  889. 
Anhydrite,  889. 
Animikite,  420. 
Ankerite,  402. 

tnnaber^te,  872. 
nnerOdite,  423. 
Annite,  813. 
Anomite,  431 . 
Anorthite,  821. 
Antholite.  v,  Anthophyllite. 
Authoph^llite,  295. 
Anthracite,  417. 


Anthracoxenite,  415. 
Antigorite,  851. 
AntiUite,  851. 
Antimonblende,  284. 
Antimonblilthe,  v.  Valentin 

ite. 
Antimonglanz,  282, 
Antimonite,  282. 
Antimonsilber,  284. 
Antimony,  Arsenical,  227. 

Gray,  282. 

Native,  226. 

Red  =  Kermesite, 
284. 

White=Valentin- 
ite,  284. 
Antimony  blende,  284. 

bloom,  284. 

glance,  232. 

ochre,  487. 

oxide,  284,  487. 

sulphide,  282. 
Apatite,  864;  420. 
Aphanesite  v.  Clinoclasite. 
Aphrite,  400. 
Aphrizite,  330. 
Aphrodite.  349. 
Aphrosiderite,  3C6. 
Aphthalo8e,Aphthitalite,890. 
Apjohnite,  895. 
Aplome,  304. 
Apophyllite,  840;  421. 
Aquacreptite,  851. 
Aquamarine,  299. 
Aneozene,  426. 
Aragouite,  405;  421. 
Aragotite,  414. 
Arcanitc,  890. 
Arctolite,  421. 
Ardennite,  810. 
Arequipite,  421. 
Arfvedsonite,  298;  421 
Argentine,  4  ;0. 
Argentite,  285. 
Argentopyrite,  487. 
Argyropyrlte,  487. 
Ante,  248. 
Arkansite,  278. 
Arksutite,  265. 
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Arquerite,  235. 
Arragonite,  405. 
Arrhenite,  421. 
Arsenargentite.  421. 
Arsi.*neisen,  v,  Leucopyrite. 
Arseneisensinter,  v,  Pitticite. 
Arsenic,  Antimonial)  227. 

Native,  226. 

Red,  284. 

Yellow,  284 

White,  2Si. 
Arsenio  oxide,  284. 

sulphide,  281. 
Arsenical  Antimony,  227. 
Arsenikkies,  247. 
Arsenikkupfer,  284. 
Arscanickclglanz,  240. 
Arscniosidcrite,  878. 
Arsenito,  v.  Arsenolite. 
Arsonolite,  284. 
Arsenopyrite.  247. 
Asbestus,  297. 

Bliie,t).  Crocidolite. 
Asbolan,  Asbolite,  288. 
Asmanite,  288;  421. 
Asparagus-stonOi  865. 
Aspasiolitc,  858. 
Asphaltum,  41(>. 
Aspidolite,  812. 
Astrakanite,  v.  BlOdite. 
Astrophjllite,  818;  421. 
Atncamite,  261. 
Atelcstitc,  :>';«. 
Ateline,  Atelite,  262;  421. 
Atopite,  421. 
Angite,  298. 
Auiiehalcitc,  41 0. 
Auriferous  pyrite,  220. 
Auripigmentum,  £82. 
Autouiolite,  272. 
Autunite,  oTO;  4'21. 
Aventurine  quaitz,  286. 

leldspar,  822,  828, 
8.6. 
Axinite,  810. 
Azorite,  359. 
Azurite,  411. 

Babingionite,  295. 
Ba^rationite,  v.  Allanite. 
Baikulitc,  v.  Sahlite. 
Balvraidite,  421. 
Barcenite,  421. 
Bamhardtite,  245. 
Barile,  887. 
Barium  carbonate,  406,  408. 

nitrate,  488. 

(and  uranium)  phos 
phate,  489. 

silicate,  822,  846, 420. 

sulphate,  887. 
Bartholomite,  895. 
Barylite,  421. 
Baryt,  Barytea,  887. 


Baryta  =  Barium  oxide. 

Barytocalcitc,  408. 

Barytocelestite,  888. 

Basanitc,  287. 

Bastite,  ool. 

Bastnasite,  408,  489. 

Bathvillite,  415. 

Batmchite,  800. 

Beaumontite,  847. 

Beauxite,  281. 

Beccarite,  440. 

Bechilite,  882. 

Beegcrite,  421. 

Beilstein,  v.  Nephrite. 

Bell    metal   ore  =  Stannite, 

245. 
Belonite,  110. 
Benzole,  414. 
Beraunite,  v.  Vivianite. 
Bergamaskite,  420. 
Bergholz,  297. 
Bergkrystall,  v.  Quartz. 
Bergmchl,  401. 
Bergmilch,  400. 
BergOl,  418. 
Bcrgpeoh,  410. 
Bergseife,  v.  Halloysite. 
Bergtheer,  v.  Pittasphalt. 
Berlauite,  486. 
Bemardinite,  485. 
Bernstein,  415. 
Beryl,  299;  421. 
Beryllium  aluminate,  274. 

silicate,  299,   800, 
8a  1,  ;;02,  883. 
Berthierite,  C51. 
Berzelianite,  2^7. 
Berzeliite,  421.     . 
Bevrichite,  241. 
Bhreckite,  422. 
Bieberite,  895. 
Biharite,  858. 
Binisstein,  v.  Pumice. 
Bindheimite,  879. 
Binnite,  251;  250. 
Biotite,  812. 
Bisc-hofite,  423. 
Bismite,  284. 

Bismuth,  Acicular  (aikinite), 
254. 

Nfttive,  227. 

Telluric,  "JdS. 
Bismuth  arsenate,  877,  879. 

blende(eulytite),:j02. 

carbonate,  412,  422. 

chloride.  262. 

glance,  282. 

nickel    (grQnauite), 
287. 

ochre,  284. 

oxide,  284. 

selenide,  288. 

silicate,  802. 

silver,  420. 


Bismuth  sulpoide,  233. 
tellurate,  897. 
telluride,  283. 
Bismuthinitc,  282. 
Hismutite,  412. 
Bismutoferrite,  802. 
Bismutospho^rite,  422. 
Bittersalz,  394. 
Bitter   sfiar,   Bitterspath,   «. 

Dolomite. 
Bitumen,  416. 
Bituminous  coal,  417. 
Bjelkite,  424. 
Black  jack,  287. 
Blfittererz,  Bl&ttertellnr,  24». 
Blutterzeo  ith,  r.  Heulandite. 
Blaueisenerz  r.  Vivianite. 
Blaucisenstcin.  v.  Crocidolite. 
Blauspath,  b75. 
Blei,  Gediegen,  226. 
Bleiglanz,  *.^85. 
Bleigiatte,  267. 
Bleigummc,  v.   Plumbog^um- 

mite. 
Bleilasur,  ::96. 
Bleihomerz,  4  8. 
Bleiniere,  37J). 
Bleinierite,  t.  Bindheimite. 
Bleispath,  -iO?. 
Bleivitriol,  3fc9. 
Blende,  287. 
BlOdite,  894. 
Blomstrandite,  422. 
Bloodstone,  280. 
Blue  vitriol,  894. 
Bodenite,  8C8. 
Bog-butter,  415. 
Bog-iron  ore,  *i81. 

manganese,  288. 
Bole.  Bolus  -  Ualloysite. 
BoUvite,  422. 
Boltonite,  ^00. 
Bombiccite,  415. 
Boracic  acid.  880. 
Boracite,  881 ;  422. 
Borax,  881. 
Bordosite,  207. 
Bomite,  287. 
Borocalcite,  382. 
Boron  trioxide.  880. 
Boronatrocalcite,  88X 
Bort,  2*29. 
Bosjemanite,  895. 
Botallackite,  v.  Atacamit^ 
Botryogen,  895. 
Botryolite,  825. 
Boulangerite,  254. 
Boumonite,  258. 
Boussingaultite,  892. 
Bowenite,  297,  1'50. 
Bowlingite,  422. 
Brackebuschite,  425. 
Bragite,  862. 
Branderz, «.  Idrialita. 
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Brandisite,  868. 
Brauncisenstein,  280. 
Braunite,  277. 
Braunkohle,  418. 
Brauns^th,  401. 
Bravaisite,  422. 
Bredberpte,  304. 
Breislakite,  u.  Prroxene. 
Breithanptite,  248. 
Breunerite,  402. 
Brewstcrite,  ;]47. 
Brittle  silver  ore,  v.  Stephan- 

ite. 
Brochantite,  896. 
Bromargyrite,  260. 
Bromlite,  406. 
Bromsilber,  260. 
Bromyrlte,  260. 
Brogniardite,  263. 
Brongnartine,  897. 
Bronzite,  290. 
Brookite,  277;  422. 
Brown  coal,  418. 

iron  ore,  280. 

spar,  401,  402. 
Brucite,  2sl ;  422. 
Brushite,  871. 
Bucholzite,  831. 
Bucklandite,  808. 
Bunsenin,  430. 
Bunsenite,  207. 
Buntkupfererz,  287. 
Bustamite,  294. 
ButyrelUte,  415. 
Byerite,  417. 
Bytownite,  821. 

Cabrerite,  42'2. 
Cacholong,  289. 
Cacoxenite,  Cacozene,  878< 
Cadmium  sulphide,  242. 
Cairngorm  stone,  280. 
Calaite,  v»  Callaite. 
Calamine,  839,  422;  404. 
Calaverite,  249;  422. 
Calcareous  spar,  tufa,  898  ; 

400. 
Calcite,  398. 
Calcium  arsenate,  870,  871. 

antimonate,  370,  ^1. 

borate,  382. 

boro-silicate,  884. 

carbonate,  39^,  405. 

chloride,  2()0. 

fluoride,  26't. 

nitrate,  879. 

oxalate,  412. 

phosphate,  3C4,  871, 
426,  482. 

silicate,     291,     838; 
831. 

sulphate,  889,    892; 
5i91 

sulphide,  285. 


Calcium  tantalate,  869,  481. 
titanate,  270. 
tungstate,  884. 
Calcozincite,  267. 
Calc-sinter,  400. 
Caledonite,  891. 
Callais,  Callaite,  877. 
Calomel,  260. 
Calvonigrite,  434. 
Campylite,  867. 
Canaanite  =  White  Pyroxene. 
Cancrinite,  317;  422. 
Cannel  Coal,  417. 
Capillary  pyrites,  241. 
Caporcianite,  838. 
Carbonado,  229. 
Carbon  diamantaire,  229. 
Carnallite,  261. 
Camelian,  2^6. 
Carpholite,  841. 
Caryinite,  422. 
Cassiterite,  275. 
Castor,  Castorite,  296. 
Catapleiite,  889. 
Cataspiiite,  353. 
Cat's  eye,  2  6. 
Cavolinite,  816. 
C«ladonite,  849. 
Celestialite,  435. 
Celestite,  C'elestine,  888. 
Centrallassite,  338. 
Cerargyrite,  260. 
Cerbolite,  892. 
Cerine,  8i)8. 
Cerite,  340. 
Cerium  carbonate,  408. 

fluoride,  439. 

phosphate,  864,  868. 

silicates,  308,  830. 
Cerolit€,  351. 
C-erussite,  407. 
Cervantite,  284 
Ceylanite,  Ceylonite,  271. 
Chabazitc,  844;  422. 
Chalcanthite.  394. 
Chalcedony,  286. 
Cha^cocite,  239. 
Chalcodite.  360. 
Chalcolite,  878. 
Chnlcomenite,  422. 
Chalcomorphite,  841. 
Chalcophanite,  283. 
Chalcophyllite,  376. 
Chalcopyrite,  244;  422. 
Chalcosidcrite,  378. 
Chalcosine,  289. 
Chalcoslibite,  260. 
Chalcotrichite,  266, 
Chalk,  400. 
Chalvbite,  403. 
Chathamito,  240. 
Chert,  287. 

Chester!  ite,  826.  [412. 

Chessy    Copper,    Chessylite, 


Chiastolite,  331. 
Childrenite,  377;  422. 
Chiolite,  264. 
Chladnite,  290. 
Chloanthlte,  245. 
Chloral  luminite,  260. 
Chlor-apatite,  365. 
Chlorastrolite,  840. 
Chlorite  Group.  355. 
Chloritoid,  858. 
Chloritspalh,  358. 
Chlormagnesite,  260;  428. 
Chlorocalcite,  260. 
Chloropal,  350. 
Chlorophseite,  356. 
Chlorophane,  268. 
Chlorophyllite,  853. 
Chlorothionite,  2G0. 
Chlorotile,  873. 
Chodneffite,  264. 
Chondrai-senite,  872. 
Chondrodite.327;  428. 
Chonicrite,  855. 
Chrismatite,  413. 
Chromeisen stein,  274. 
Chromglimmer,      «.     Fuch- 

site. 
Chromic  iron,  274. 
Chromite,  274;  423. 
Chrompicotite,  274. 
Chrommm  oxide,  274. 

sulphide,  242. 
Chrysoberyl,  274. 
Chrysocolla,  338;  423. 
Chrysolite,  300;  428. 
Chrysoprase,  286. 
Chrysotile,  ;J50. 
Churchite,  871. 
Cinnabar,  240. 
Cinnamon  stone,  808. 
Clarite,  258. 
Claudetite.  284. 
Clausthallte.  286. 
Clay,  351,  et  sea, 
Cleavelandite,  824. 
Cleveite,  423. 
Clingmanite,  358. 
Clinoclase,  Clinoclosite,  874. 
Clinochlore,  358. 
Clinocrocite,  428. 
Clinohumite,  828. 
Clinophffite,  428. 
aintonite,  858;  428. 
aoanthite,  245. 
Coal,  Mineral,  417. 
Boghead,  48. 
Brown,  418. 
Cannel,  417. 
Cobalt,  Arsenical,  245,  246. 

Black  (asbolite),  288. 

Earthy,  283. 

Gray  (smalt  ite),  245. 

Red  (erythritc),  872. 

White  (cobaltite),  246. 
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Cobalt  bloom,  872. 
glance,  240. 
arsenate,  872. 
arsenide,  246;  246. 
carbonate,  486. 
oxide,  288. 
selenite,  482. 
sulphate,  894. 
sulphide,  245. 
Cobaltine,  Cobaltite,  246. 
Cobaltomenite,  432. 
Goooolite,  298. 
Coke,  417. 

COlestine,  «,  Celestite. 
CoBruleolactite,  376. 
Collyrite,  841. 
Colophonite,  804. 
Coloradoite,  423. 
Columbite,  860;  428. 
Comptonite,  842. 
Connellite.  891. 
Cookeite,  854. 
Copal,  Fossil,  415. 
Copallne,  Copalite,  415. 
Copiapite,  895. 

Copper,  Antimonial  (chalco- 
stibite).  250. 
Arsenical,  234. 
Black    (me  I  aconite), 

267. 
Blue,  411. 
Emerald   (dioptase), 

801. 
Gray,  255. 
Indigo,  249. 
Native,  225. 
Purple,  237. 
Red,  266. 
Variegated,  287. 
Vitreous,  239. 
Copper  arsenate,  378,  374, 875. 
arsenide,  234. 
arsenite  (?),  489. 
carbonate,  411. 
chloride,  2f50. 
chromate,  880. 
glance,  829. 
mica,  875. 
nickel,  242. 
oxide,  266,  267. 
oxychloride,  261,  262. 
phosphate,  378,  874. 
pyrites,  244. 
selenide,  237. 
selenite.  422. 
silicate,  801,  388. 
Bulph-antimonite,  250, 

254,  255,  257,  4*28. 
sulph '  arsenite,    251, 

256,  257,  25^. 
sulphate,    800,     894, 

896,  897,  428. 
sulphide,     239,    249; 
287,244. 


Copper  8  u  1  p  h  0  -  bismuthite, 
250,  25t,  254. 

tungstate,  884. 

vanadate,  874. 

vitriol,    D .     Chalcan- 
thite. 
Copper  ore,  Red,  266. 

Yellow,  244. 
Copperas,  894. 
Coprolites,  866. 
Coquimbite.  895. 
Conlierite,  811. 
Cornwallite,  874 
Coronguite,  424. 
Conmdellite,  858. 
Corundophilite,  858;  424. 
Corundum,  207;  424. 
Corynite,  247. 
Cosalit^?,  252;  424. 
Coflsaite,  354. 
Cossyrite,  4*24 
Cotunnite,  261. 
Covelline,  Covellite,  249. 
Crai^onite,  424 
Crednerite,  278. 
Orichtonite,  270. 
Crocidolite,  298. 
Crocoite,  (rocoisite,  885;  424 
Cronstedtite,  857. 
Crookeslte,  235. 
Cryolite,  264;  424 
Cryophyllite»  815. 
Cryptohalite,  264 
Cryptolite,  804 
Cryptomorphite,  882. 
Cuban,  Cubanite,  245. 
Culsagceitc,  355. 
Cummingtonite,  297. 
Cuprocalcite,  411;  424 
Cuprite,  ::66. 
Cupromagnesite,  895. 
Cuproscheelite,  884. 
Cuprotungstite,  884. 
Cuspid  ine,  424. 
Cyanite,  882;  424. 
Cyunochalcitc,  839. 
Cyanotrichite,  897. 
Cymatoiite,  849,  486. 
Cyprusite,  424. 

Damourite,  858. 
Danaite,  248. 
Danalite,  802;  424. 
Danburite,  311 ;  424. 
Datholite.  Datolite,  884 
Danbreelite,  242. 
Daubreite,  262. 
Davids  mite,  299. 
Davreuxite,  425. 
Davvne,  Davina,  816. 
Dawsonite,  410;  425. 
Dechenite,  367. 
Degeroite,  354. 
Delessite,  856;  425. 


Delvauxito,  r.  I>u£renite. 
Demidofflte,  839. 
Derbyshire  spar,  «.  Fluorite 
Descioizite,  807;  425. 
i  DesmlnCj  846. 
Destinezite,  425. 
Dewalquite,  810. 
Deweylite,  861. 
Diabantachronnm  865. 
Diabantitc,  865. 
Diaclasite,  291. 
Diadochite,  879. 
Diallage,  Green,  293. 
Diallogite,  Dialogite,  408 
Diamond,  228;  426. 
Dianite,  9.  Columbite. 
Diaphorite,  252. 
Diaspora,  279. 
Dichroite,  811. 
Dickinsonite,  426. 
Dietrichite,  425. 
Dihydrite,  b74 
Dimorpbite,  282. 
Dinit«.  414. 
Diopside,  293. 
Dioptase,  801. 
Dipyre,  316. 

Discrasite,  v.  Dyscrasite. 
Disterrite  =  Brandisite. 
Disthcne,  882. 


Ditr5yte,  317. 
Dop-Tooth8p 
Dolerophanite,  890. 


Dog-tooth  Spar,  400. 


Doiomit*,  401. 
Domeykite,  284. 
Doppelspath,  899. 
Dopplcnte,  415;  425. 
Douglasite,  425. 
Dreeiite,  390. 
Dry-bone,  404. 
Dudleyite,  858. 
Dufrenite,  878. 
Dufrenoysite,  251. 
Dumortierite,  425. 
Duporthite,  425. 
Durangite,  870. 
D&rfeldtite,  425. 
Duxite,  415. 
Dysanalyte,  426. 
Dvscrasite,  284. 
Dysluite,  272. 
Dysodile,  415. 
Dysyntribite,  858. 

Earthy  Cobalt,  288. 
Edenite,  297. 
Edingtonite,  841. 
Edwardsite,  «.  Monazite. 
Eggonite,  425. 
Ehlite,  874 
Eisenbliithe,  406. 
Eisenbrucite,  422. 
Eisenglanz.  268. 
EisengUmmer,  869. 
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Eisenkies,  243. 
Eisenkiesel,  v.  Quartz. 
Eisenrose,  269. 
Eisensinter,  v.  Pitticite. 
Eisenspath,  403. 
Eisspath,  826. 
Ekdemite,  4^>5. 
Ekebergite.  316. 
Ekmannlte,  354 
Eloeolite,  816. 
Elaterite,  414. 
Electrum,  221. 
Eleonorite,  426. 
EUonite,  426. 
Elroquite,  426. 
Embolite,  260. 

Embrithite,  «.  BoulaDgeiite. 
Emerald,  l99. 
Emerald  nickel,  410. 
Emery,  268. 
Emplectite,  250. 
Enareite,  257. 
Enceladite,  v,  Warwickite. 
Enophitc,  436. 
Enstatitc,  290. 
Enysite,  897. 
Eosite,  885. 
Eosphorite,  423. 
Ephesitc,  354. 
Epiboulangerite,  254. 
Epidote.  807. 
Epigenite,  258. 
Eplstilbite.  347;  426.     [426. 
Epsom  Salt,  Epsomite,  394; 
Erbsenstein,  400. 
Erdkobalt.  283. 
ErdOl,  416. 
Erdpech,  416. 
Eremite,  v.  Monazite. 
Erilite,  426. 
Erinite,  374. 
Eriochalcite,  426. 
Erubescite,  237. 
Erythrite,  872. 
Erythrosiderite,  261. 
Erythrozincite,  426. 
Esmarkite.  858. 
Essonite.  804. 
Ettringite,  395. 
Eucairite,  235. 
Euchroite,  873. 
Euclase,  388;  426. 
Eucolite,  299. 
Eucrasite.  426. 
Eucryptite,  426. 
Eudialyte,  Eudyalite,  299. 
Eudnophite,  844. 
Eusen^lanz,  v.  Polyibasite. 
EuKainte,  v.  Eucairite. 
Euklas,  383. 

Eulytine,  Eulytite,  302;  426. 
Eumanite,  278. 
Euosmite,  415. 
Euphyllite,  854. 


Eusynchite,  426. 
Euxenite,  362. 

Fahlerz,  255. 

Fatilunite,  353. 

Fairfieldlte,  426. 

Famatinite,  258. 

Faserquarz,  298. 

Fassaite,  293. 

Faujasite,  344. 

Fauserite,  ;  9 1. 

Fayalito,  6o0. 

Feather  ore  251. 

Federerz.  261. 

Feitsui,  309. 

Feldspar  Group,  319;  426. 

Felsite,  323,  326. 

Feldspath.  «.  Feldspar. 

Fergusonite,  862;  427. 

Ferroilmenite,  860. 

Ferrotellurite.  427. 

Feuerblende,  252. 

Feuerstein,  287. 

Fibroferrite,  895. 

Fibrolite,  331. 

Fichtelite,  414. 

Fillowite,  427. 

Fiorite,  289. 

Fireblende,  252. 

Flint.  287. 

Float-stone,  289. 

Flos  ferri,  405. 

Fluellite,  264. 

Fluocerite,  264 

Fluor-apatite,  865. 

Fluor,  Fluorite,  263;  427, 

Fluor  Spar,  268. 

Flussspath,  263. 

Foliated  tellurium,  v.  Nagya- 

gite. 
Fontainebleau  limestone,  400. 
Foresite,  347;  427. 
Forsterite,  300. 
Fowlerite,  294 
Francolite,  365. 
Franklandite,  427. 
Frank  linite,  278. 
Fredricite.  488. 
Freibereite,  255. 
Freleslebenite,  252. 
Frenzelite,  238. 
Freyalite,  427. 
Friedelite,  302. 
Frieseite,  437. 
Frigidite,  488. 
Fuchsite,  314 

GadoMn,  aadolinite,  809 ;  427. 
Gahnite,  272. 
Galena,  Galenite,  235. 
Galenobismutite,  427. 
Galmei.  339,  404. 
Ganomalite,  427. 
Garnet,  802;  427. 


Gamierite,  351 ;  427. 
Gastaldite,  298. 
Guanovulite,  392. 
Gay-Lussitc,  409. 
Gearksutite,  265. 
Gedanite,  485. 
Gehlenite,  881. 
Geierite,  «.  Geyerite. 
Gekrdsstein,  389. 
Gelbbleierz,384. 
Genthite,  851. 
Geocerite,  414 
Geocronite,  257. 
Geomyricite,  414 
Gersdorffite,  246. 
Geyerite,  248. 
Geyserite,  280. 
Gibbsite,  282. 
Gieseckite,  352 ;  817. 
Gigantollte,  853. 
Gilbertite,  353. 
Gillingite,  354 
Ginllsite,  428. 
Girasol,  289. 
Gismondinc,Gismondite,  841 ; 

42a 
Giufite,  482. 

Glanzkobalt, «.  Cobaltite. 
Glaserite,  v,  Arcanite, 
Glaserz,  Glanzerz,  «.  Aigen- 

tite. 
Glauber  salt,  392. 
Glauberite,  891. 
Glaucodot,  248. 
Glauconite,  849. 
Glaucophane,  298. 
Glimmer, «.  Mica. 
Globulites,  110. 
Gmelinite,  845. 
Gold,  221. 

Gold  telluride,  248,  249.  480. 
Goldtellur,  v.  Sylvanite. 
Goshenite,  299. 
Goslarite.  895. 
GOthite,  280. 
Grahamite,  416. 
Grammatite,  297. 
Granat,  802. 
Graphic  tellurium,  248, 
Graphite.  280. 

Graukupfererz,  v.  Tennantite. 
Gray  antimony,  282. 

cooper,  255. 
Greenockite,  242. 
Greenovite,  885. 
Grenat,  v.  Garnet. 
Grochauite,  857. 
Grossularite,  803. 
GrOnauite,  237. 
Granblelerz,  866. 
Guadalcazarite.  241. 
Guanajuatite.  238;  42a 
Guanipite.  488. 
Guano,  865. 
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Guarinite,  886. 
Guejarite,  428. 
Gilmbelite,  858. 
Gummite,  428. 
Gunnisonite,  428. 
Guyaquillite,  416. 
Gymmte,  851. 
Gyps,  V.  Gj'psum. 
Gypsum,  392. 
GyroUte,  388;  428. 

Haarkies,  241 ;  247. 
Haarsalz,  895. 
Haddamite,  482. 
Hafnefiordite,  828. 
Ha^maDnite,  265. 
Haidingerite»  871. 
HaUte.  259. 
Hallite,  855. 
Halloysite,  852;  428. 
Halotrichite,  895. 
Hamartite,  408,  488. 
Hannayite,  428. 
Harmotome,  846. 
Harrisite,  240. 
Hartite,  414. 

Hatchettite,  Hatchettine,  414. 
Hatchettolite,  428. 
Hauerite,  244. 
Haugktonite,  481. 
Hausmannite,  277. 
HaQyne,  HaQynite,  818. 
Haydenite,  844. 
Hayeedne,  428. 
Haytorite,  385. 
Heavy  spar,  ^87. 
Hebronite,870;  420. 
Hedenbergite.  298. 
Hedyphane,  867;  428. 
Heldburgite,  428. 
Heliotrope,  286. 
Helvin,  Helvite,  802;  428. 
Hematite,  263. 

Brown,  280. 
Henwoodite,  878. 
Hercynite,  272. 
Herderito,  870. 
Hermannolite,  861. 
Herrengnindite,  428. 
Herschelite,  844. 
Heesite,  288;  429. 
Hessonite,  v.  Essonite. 
Hetierolite,  Hetairite,  429. 
Heteromorphite,  v.  Jameson- 

ite. 
Heubachite,  429. 
Heulandite,  847;  429. 
Hexagonite.  298. 
Hibbertite,  429. 
Hiddenite,  486. 
Hielmite,  861. 
Hieratite,  429. 
Highgate  resio,  415. 
Hisingerite,  854. 


Hoemesite,  871. 
Hofmannite,  485. 
Holzopal,  tj.  Wood  Opal. 
Holz  Zinn,  275. 
Homilite,  429. 

HoDey-stone,  Hoiiig8tem,412. 
Hopeite,  429. 
Horbachite.  241. 
Hornblende,  296. 
Horn  silver,  260. 
Homstone,  287. 
Horse-flesh  ore,  «.  Bomite 
Hortonolite.  800. 
Houghite,  282. 
Hovite,  410. 
Howlite,  882. 
Huantajayite,  259. 
HtLbnente,  888;  429. 
Hullite,  425. 
Humboldtine,  412. 
Humboldtilite,  806. 
Humboldtite,  884. 
Huminite,  4o5. 
Hmnite,  827,  828, 428. 
Huntilite.  429. 
Hureaulite,  872. 
Huronite,  858. 
Hyacinth,  804,  805. 
Hyalite,  289. 
Hya1o{>hane,  822. 
Hyalosiderite,  800. 
Hyalotekite,  429. 
HydrargilUte,  282. 
Hydrargyrite,  267. 
Hydraulic  limestone,  400. 
Hydrobiotite.  486. 
Hydrocastorite,  488. 
Hydrocenissita,  429. 
Hydrocupcite,  266. 
Hydrocyanite,  390. 
Hydrodolomite,  410. 
Hydrofluorite,  264. 
Hydrofranklinite,  429. 
Hydroilmenite,  481. 
Hydromagnesite,  409. 
Hydro-mica  Group,  858. 
Hydrophilite,  429. 
Hydrophite,  851. 
Hydrorhodonite,  429. 
HydrotalcitB.  282. 
Hydrotitanite,  271. 
Hydrozincite,  410. 
Hygrophilite,  858. 
Hypargyrite,  250. 
Hypei-sthene,  290. 
Hypochlorite,  802. 

Ice  spar,  825. 
Iceland  spar,  899. 
Idocrase,  205. 
Idrialine,  Idrialite,  814. 
Ihleite,  895. 
Ilesite,  429. 
Ilmenite,  269. 


!  Ilsemannite,  284. 
llvaite,  809. 
Indianaite,  428. 
Indianite,  821. 
IndicoUte,  880. 
lodargyrite,  260. 
lodobromite,  429. 
lodsilber,  260. 
lodyrite,  260. 
lolite,  811. 
lonite,  435. 
Iridosmine,  224. 
Iron,  Arsenical,  247. 

Magnetic,  241,  272. 

Meteoric,  226. 

Native,  226,  429. 

Oligist  (hemaUte),  26a 
Iron  aluminate,  272. 

arsenate,  875,  876. 

arsenide,  247,  248. 

borate,  880. 

boro-sUicate,  429. 

carbonate,  408. 

chloride,  261. 

columbate,  860. 

oxalate,  412. 

oxide,    268,    272,    27«, 
280. 

phosphate,  869. 871, 872, 
878,  426,  487. 

silicate,  800,  854 

sulphate,  895. 

sulphide,  241,  243,  247. 

sulph-antimonite,  251. 

tantalate,  859. 

tellurate  (?)  427. 

tun^tate,  888. 
Iron  pyrites,  248. 

White,  247. 
Ironstone,    Clay,    269,    28if 

408. 
Iserine,  Iserite,  270. 
Isoclasite,  878. 
Itacolumyte,  229. 
Ivifftite,  854 
Ixolyte,  414 

Jacobsite,  272. 
Jade,  Common,  297. 
Jadeite,  409. 
Jamesonite,  251;  480* 
Jargon,  805. 
Jarosite,  480. 
Jasper,  287. 
Jauling[ite,  415. 
JefFerisite,  355. 
Jeffersonite,  298. 
Jenkinsite,  851. 
Jet,  418. 
Johannite,  897. 
JoUvte,  854 
Joroanite,  251. 
Joedte,  288. 
Julianite,  256* 
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N.  B.— Many  names  spelt  with  an 
initial  K  iu  German,  begin  with  C 
in  English. 

Kalait.  877. 
Kaliglimmer.  313. 
Kalinite,  395. 
Kalk-Harmotome,  v,  Phillips- 

ite. 
Kalk-uranit,  379. 
Kalkspath,  398. 
Kalk-volborthit,  874. 
Kallait.  377. 
Kaluszite,  394. 
Kftmmererite,  855. 
Kammkies,  247. 
Kaolin.  Kaolinite,  851. 
Kaielinite,  284. 
Karyinite,  422. 
Katzenauge,  286. 
Keatingine,  295. 
Keilhauite,  336. 
Kelyphite.  436. 
Kcnngottite,  250. 
Kentrolite,  430. 
Kerargyrite,  260. 
Kermes.  Kermesite,  284. 
Kerolith,  «.  Cerolite. 
Kerrite,  355. 
Kiesel,  v.  Quartz. 
Kieselkupfer,  338. 
Kieselwismuth,  302. 
Kiesclzinkerz,  389. 
Kieserite,  894. 
Killinite,  353,  480. 
Kischtiraite,  408. 
Kierulflne,  868. 
KJaprotholite,  251. 
Klinochlor,  356. 
Knebelite,  800. 
Kobaltbmthe,  373. 
Eobalt^lanz.  246. 
Kobaltkies,  v.  Linnieite 
Kobaltnickelkies,  245. 
Kobellite,  254 
Kochelite,  368. 
Kochsalz,  259. 
KOflachite.  485. 
Kohle,  f>.  CoaL 
Eokkolit.  V,  Coccolite. 
Kongsbergite,  225. 
KOnigine,  396. 
KOnlite,  414. 
Eoppite,  859. 
Korarfveite,  368. 
KOttigite,  372. 
Korund,  v.  Corundum. 
Kotschubeite,  357. 
EouphoUte,  840. 
Krantzite,  415. 
Kreittonite,  272. 
Kremersite,  261. 
Krennerite,  430. 
Erisuvigite,  897. 


Ertnkite,  897. 
Erugite,  434. 
Kupferantimonglanz,  250. 
Eupferbleispath,  896. 
Eupferglanz,  289. 
Eupferplimmer,  875. 
Eupfenndig,  249. 
Eupferkies,  244. 
Eupferlasur,  411. 
Eupfernickel.  242. 
Eupfersammterz,  897. 
Eupferschaum^  874. 
Eupferschwarze,  267. 
Eupfferite,  296. 
Eupfer-uranit,  878. 
Eupfer-vitriol,  894. 
Eupferwismuthglanz,  250. 
Eyanite,  832. 

Labradorite,  821. 
Labrador  feldspar,  821. 
Lagonite,  382. 
Lampadite,  288. 
Lanarkiie,  391. 
Laugitc,  897. 
Lanthanite,  410. 
Lapis-lazuli,  418. 
Larderelllte,  882. 
Lasurstein,  418. 
Latrobite,  v.  Anorthite. 
Laumonite,  Laumontite,  888. 
Laurite,  247. 
Lautite,  430. 
Lawrencite,  480. 
Laxmannite,  886. 
Lazulite,  875. 
Lead,  Argontiferous,  283. 
Black  (graphite),  280. 
Corneous  (phosgenite), 

408. 
Native,  226. 
Leadantimonate,  870,  879. 

arsenate,  806. 

arsenio-molybdate,  885. 

carbonate,  407. 

chloride,  261. 

chloro-carbonate,  408. 

chromate,  885,  886. 

molybdate.  884. 

oxichloride.  262. 

oxide.  267.  277. 

phosphate,  866. 

selenide,  286. 

selenite,  482. 

Bilicate,  427,  429,  430, 
431. 

sulphate.  889,  890, 891. 

sulphato-carbonate,  891. 

sulphide,  285. 

Bulpharsenite,  250, 251. 

sulphantimonite,     250, 
251,  253,  254. 

sulpho-bismuthite,  253, 
^1, 427. 


Lead  tellurlde,  237,  249. 

tungstate,  384. 

vanadate,  867;  374,426. 
LeadhilHte,  890;  430. 
Leberkies,  f>.  Marcasite. 
Lecontite,  892. 
Ledererite,  345. 
Lederite.  886. 
Lehrbachite,  287. 
Leidyite,  480. 
Lennilite,  436. 
Leopold! te,  260. 
Lepidolite,  814. 
Lepidomelane,  818. 
Lepidophteite,  440. 
Lemilite,  486. 
Leslejdte,  854. 
Lettsomite,  897. 
Leucaugite,  298. 
Leuchtenbergite,  857. 
Leuoite.  818;  480. 
Leucochalcite,  480. 
Leucomanganite,  426. 
Leucopetrito.  815. 
Leucophanite,  800;  480. 
Leucopyrite,  248, 
Leueotile,  430. 
Leviglianite,  341. 
Levyne,  Levynite,  843. 
Lherzolyte,  271. 
Libethenite,  878;  430, 
Liebi^ite,  412, 
Lievnte,  809. 
Lignite,  418. 
Ligurite,  836. 
Limbachite,  851. 
Lime  =  Calcium    oxide,    t( 

Calcium. 
Limestone,  400,  401 
Limonite,  280, 
Linarite,  896. 
Linnseite,  245« 
Linsenerz,  374. 
Lintonlte,  488. 
Lionite,  487. 
Liroconite,  874. 
Liskeardite,  480. 
Lithionglimmer,  814. 
Lithiophilite,  438. 
Lithographic  Stone,  400. 
Lithomarge,  852. 
Livingstonite,  282;  480. 
Loganite,  856. 
Ij5ningite,  248. 
Louisiie,  430. 
L5weite,  894. 
LOwigite,  396. 
Loxoclase,  826. 
Luckite,  431. 
Ludlamite,  872. 
Ludwigite,  880. 
Laneburgite,  882. 
Luzonite,  258. 
Lydian  stone^  387. 
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Macfarlanite,  480. 
Macle,  331. 
Maconite,  355. 

Magnesia  =  Magnesium  ox- 
ide, 1*.  Magnesium. 
Magnesioferrite,  273. 
Magnesite,  402. 
Magnesium  aluminate,  271. 

arsenate,  371. 

borate,  380,  881. 

carbonate,     402, 
409. 

chloride,  260,261, 
423. 

fluoride,  264. 

fluo  -  phosphate, 
368. 

fluo-silicate,  327. 

hydrate,  281. 

nitrate,  379. 

oxide,  267. 

phosphate,  368, 
432. 

silicate,  290,  300, 
348,  849,  850. 

sulphate,  894. 
Magneteisenstem,  272. 
Magnetic  iron  ore,  272. 
Magnetic  pyrites,  241. 
Magnetite,  272. 
Magnetkies,  241. 
Magnoferrite,  273. 
Magnolite,  430. 
Mamchite,  Blue,  411. 

Green,  411. 
Malacolite,  293. 
Maldonite,  221. 
Malinowskite,  256. 
Mallardite,  431. 
Manganapatite,  420. 
Manganblende,  v,  Alabandit& 
Manganbrucite,  422.    • 
Manganepidot,  308. 
Manganese  borate,  880* 

carbonate,  403. 

columbate,  423. 

oxide,  277,  278, 
280,  282,  283, 
431. 

phosphate,  869, 
435,  439. 

silicate,  294,  800, 
801. 

sulphide,  237, 244. 

sulphate,  431, 437. 

tantalate,  859, 
437. 

tungstate,  388. 
Mangan^lanz,  ^7. 
Manganite,  280. 
Manganocalcite,  406. 
Manganophyllite,  812. 
Manganosiderite,  485. 
Manganosite,  481. 


Manganspath,  408. 
Mangantantalite,  487. 
Marble,  400. 

Verd-antique,  850. 
Marcasite,  247. 
Margarite,  357. 
Margarites,  110. 
Margarodite,  358;  814. 
Margarophyllites,  848,  et  8eq. 
Marmlite,  316. 
Marionite.  410. 
Marmairolite,  431. 
Marmatite,  238. 
Marmolite,  350. 
Martite,  269. 

Mascagnine,  Mascagnite,  892. 
Maskelynite,  822. 
Mason  ite,  858. 
Massicot,  267. 
Matlockite,  262. 
Matricite,  431. 
Maxite,  391. 
Medjidite,  397. 
Meerschaum,  349. 
Me^basite,  :^88. 
Meionite,  315. 
Melaconite,  267. 
Melanelanz,  v.  Stephanite. 
Melamte,  804. 
Melanochroite,  386. 
Melano]}hlo^ite,  289. 
Melanosidente,  281. 
Melanotekite,  431. 
Melanothallite,  431. 
Melanterite,  895;  481. 
Melilite,  Mellilite,  806. 
Melinophane,  800. 
Meliphanite,  800;  481. 
Mellite,  412. 
Meionite.  249. 
Menaccanite,  269,  431. 
Mendipite,  262. 
Mendozite,  895. 
Meneghinite,  256. 
Mengite,  362. 
Mennige,  277. 
Meroxene,  431. 
Mercury,  Native,  224. 
Mercury  chloride,  260. 

iodide,  260. 

selenide,  237. 

sulphide,  240,  241. 

telhiride,  423. 

tellurate,  480. 

sulph-antimonite, 
232. 
Mesitine,  Mesitite,  408. 
Mesolite,  843. 
Mesotype,  342. 
Metabrushite,  871. 
Metacinnabarite,  241. 
Metaxite,  851. 
Meymacite,  284. 
Miargyrite,  249. 


Mica  Group,  8#1;431. 
Michaelsonite,  808. 
Microcline,  326. 
Microlite,  359;  481. 
Microphylli  tes,  Microplakites, 

Microsommite,  317. 
Middletonite,  415. 
Mikroklin,  v.  Microcline. 
Milarite,  482. 
Millerite,  241. 

Mimetene,  Mimetite,  866 ;  432. 
Mimetese,  Mimetesite,  866. 
Mineral  coal,  417. 

oil,  413. 

pitch,  416. 

tar,  418. 
Minium,  277. 
Mirabilite,  392. 
Mispickel,  247. 
Misy,  395. 
Mixite,  432. 
Mizzonite,  816. 
Molybdftnglanz,  288. 
Molybdftnocker,  284. 
Molybdenite,  283;  482. 
Molybdenum  oxide,  284. 

sulphide,  288. 
Molybdite,284. 
Molybdomenite,  482. 
Molysite,  261. 
Monazite,  868;  432. 
Mondstein,  v.  Moonstone. 
Monetite,  483. 
Monimolite,  870. 
Monite,  4^2. 
Monrolite,  882. 
Montanite,  897. 
Montebrasite,  870;  420. 
Monticellite,  800. 
Montmartite,  v.  Gypsum. 
MontmoriUonite,  349. 
Moonstone,  828,  824,  325. 
Mordenite,  482. 
Morenosite,  395. 
Moroxite,  365. 
Mosandrite,  809. 
Mottramite,  374. 
Mountain  cork,  297. 

leather,  297. 
Muckite,  485. 
Muromontite,  808. 
Muscovite,  813. 
Mtlsenite,  v.  Siegenite. 

Nadeleisenstein,  280. 
Nadelerz,  254. 
Nadelzeolith,  342. 
Nadorite,  370. 
Nagyagite,  249;  482. 
Naniaqualite,  282. 
Nantokite,  260. 
Naphtha,  418. 
Naphthaline,  414 
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Natrolite,  842;  482. 
Natron,  409. 
Natronborocalcite,  881. 
Naumannite.  235. 
Needle  ore,  v.  Aikinite. 
Nemalite,  282. 
Neoehrysolite,  423. 
Neoeyanite,  482. 
Neotocite,  854. 
Nepheline,  Nephelite,  816. 
Nephrite,  297,  432. 
NeudoHite,  435. 
Newberyite,  432. 
Newjanskite,  224 
Newport!  te,  858. 
Niceolite,  242. 
Nickel  antimonide,  248,  247. 

arsenate,  872. 

arsenide,  242;  246. 

carbonate,  410. 

oxide,  267. 

silicate,  351,  427. 

sulphate,  895. 

sulphide,  241. 

telluride,  249. 
Nickel  glance,  v,  Gersdorfflte. 
Nickelarsenikfflanz,  246. 
Nickelarsenikkies,  246. 
Nickelblilthe,  372. 
Nickel-Gymnite,  351. 
Nickelkies,  241. 
Nickelsmaragd,  410. 
Niobite,  360. 
Nitre.  379. 
Nitiobarite,  488. 
Nitrocalcite,  379. 
Nitroglauberite,  879. 
Nitromagnesite,  879. 
Nocerine,  Nocerite,  488. 
Nohlite,  362. 
Nontronite,  850. 
Nosean,  Nosite,  818. 
Noumeaite,  Noumeite,  851. 
Nuttalite,  v.  Wemerite. 

Ochre,  red,  269. 
Octahedrite,  277;  488. 
(Ellacherite,  354 
Okenite,  838. 
Oldhamite,  235. 
Oligoclase,  828. 
OUvenite,  878. 
Olivine,  300. 
Onofrite,  438. 
Ontariolite,  485. 
Onyx,  287. 
OClite,  400. 
Opal,  288. 
Ophiolite,  850,  402. 
Orangite,  340. 
Orpiment,  281;  488. 
Orthite,  808;  433. 
Orthoclase,  825;  488. 
Oryzite,  429. 


Osmlridium,  224. 
Osteolite,  865. 
Ottrelite,  858;  433. 
Ouvarovite,  804 
Owenite,  858. 
Oxammite,  433. 
Ozarkite,  342. 
Ozocerite,  Ozokerit,  414;  433. 

Pachnolite.  265;  488. 
Pa^ite,  849,  852. 
Paisbergite,  294. 
Palagonite,  858. 
Palladium,  Native,  224 
Pandermite,  434. 
Parachlorite,  436. 
Paraffin,  413. 
Paragonite,  854. 
Parankerite,  402, 
Paranthite,  816. 
Parasite,  v.  Boracite. 
Parastilbite,  426. 
Parathorite,  840. 
Pargasite,  297. 
Partite,  408. 
Parophite.  353. 
Patter8onit«,  358. 
Pealite,  289. 

Pearl- mica,  t;.  Margarite. 
Pearl-spar,  401. 
Pechkohle,  417. 
Pechopal,  289. 
Peckhamite,  433. 
Pectolite,  837;  438. 
Peganite,  378. 
Pegmatolite,  v.  Orthodase. 
Pelagite,  433. 
Pelhamite,  855. 
Pencatite,  410. 
Pennine,  Peuninite,  855. 
Penwithite,  433. 
Percylite,  262. 
Periclase.  Periclasite,  267. 
Peridot,  800,  330. 
Perikline,  Periklin,  324 
Peristerite,  824 
Perlglimmer,  357. 
Perthite,  326. 
Perofskite,  270;  488. 
Perowskit,  270. 
Petalite,  295;  488. 
Petroleum,  418. 
Petzite,  239. 
Phacolite,  844. 
Phaeactinite,  420. 
Pharmacol  ite,  370. 
Pharmacosiderite,  876;  438. 
Phenacite,     PhenaJdt;     801 ; 

433. 
Phengite,  431. 
Phil^elphite,  489. 
Phillipite,  897. 
Phillipsite,  845;  488. 
Phlogopite,  812. 


Phoenicochroite,  886. 
Pholerite,  352. 
Phosgenite,  408. 
Phosphocerite,  364. 
Phosphochalcite,  374 
Phosphochromite,  886. 
Phosphorite,  365. 
Phosphuranylite,  434 
PhylUte,  358. 
Physalite,  383. 
PhytocolUte,  423. 
Piauzite,  416. 
Picite,  434. 

Pickeringite,  89o;  4C4 
Picotite,  271. 
Picranalcite,  420. 
Picroallumogene,  434. 
Picrolite,  351. 
Picromerite,  894. 
Picropharmaoolite,  371. 
Pictite,  886. 
Piedmontite,  30S, 
Pihlite,  849. 
PUarite,  423. 
PUinite,  344. 
Pilolite,  434. 
Pimelite,  851. 
Pinite,  852. 
Pisanito,  395. 
Pisolite,  400. 
Pistacite,  Pistazit,  307. 
Pistomesite,  408. 
Pitehblende,  274 
Pittasphalt.  418. 
Pitticite.  Pittizit,  879. 
Plagiocitrite,  434 
Plagioclase,  819. 
Plagionite,  251. 
Plasma,  286. 
Plaster  of  Paris,  398. 
Platinum,  Native.  223;  434 
Platiniridium,  224. 
Pleonaste,  v.  Spinel. 
Plumbago,  280. 
Plumballophane,  841. 
Plumbogummite,  377. 
Plumbomanganite,  434. 
Plumbostannite.  434. 
Plumbostib,  v,  Boulangerite. 
Polianite,  278. 
Pollucitc,  Pollux,  299. 
Polyargite,  353. 
Polyargyrite.  257. 
Polybasitc,  257. 
Polycrase,  362. 
Polychroilite,  353. 
Polydymite,  484 
Polyhalite,  898;  484 
Polymignite.  302. 
Poonahlite,848. 
Porcellophite,  851. 
Posepnyte,  485. 
Potassium  chloride,  260. 

chromate  (?),  487. 
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Potassium  nitrate,  879. 

silicate,  318,  825. 
sulphate,  890. 
Potash  =  Potassium    oxide, 

V,  Potassium. 
Prase,  286. 
Prasine,  874. 
Praseolite,  358. 
Predazzite,  410. 
Pregattite,  854. 
Prehnite,  840. 
Priceite,  882;  481 
Prochlorite,  357. 
Proidonite,  264. 
Prosopite,  265. 
Protobastite,  290. 
Protochlorite,  486. 
Protovermiculite,  439. 
Proustite,  263. 
Prussian  blue,  Native,  872. 
Przibrarnite,  238,  280. 
Pseudobrookite,  434. 
Pseudocotunnite,  261. 
Pseudomalachite,  374. 
Pseudonatrolite,  434. 
Pseudophite,  356. 
Psilomelane,  282;  434 
Psittacinite,  874. 
Pucherite,  367. 
Purple  copper,  237. 
Pycnite,  v.  Topaz. 
Pyrallolite,  348. 
Pyrargillite,  353. 
Pyragyrite,  252. 
I^Teneite,  304. 
Pyrgom,  293;  434. 
Pyrite,  243. 
Pyrites,  Arsenical,  247. 

Auriferous,  220. 

Capillary,  241. 

Cockscomb,  247. 

Copper,  244. 

Iron,  243. 

Magnetic,  241. 

Radiated,  247. 

Spear,  247. 

White  iron,  247. 
Pyrochlore,  359. 
Pyrochroite,  282. 
Pyroconite,  265. 
Pyrolusite,  278;  434. 
Pyroinorphite,  366. 
Pyrope,  303. 
Pyrophosphorite,  434 
Pyrophyllite,  849. 
Pyropissite,  414. 
Pyroretinite,  415. 
Pyrosclerite,  855. 
Pyrosmalite,  840. 
Pyrostilpiiite,  252. 
Pyroxene,  292. 
Pyrrhite,  859. 
Pyrrhosiderite,  280. 
Pyrrhotite,  241 ;  434. 


Quartz,  284;  434 
Quecksilberbranderz,  414. 
Quecksilberhomerz,  260. 
Quicksilver,  224 

Radelerz,  258. 
Radiated  Pyrites,  247. 
Raimondite,  895. 
Ralstonite,  265,  435. 
Randite,  435. 
Ratofkite,  263. 
Rauite,  342. 
Raumite,  353. 
Realgar,  231. 
Red  copper  ore,  266. 

hemaUte,  209. 

iron  ore,  269. 

ochre,  269. 

silver  ore,  232,  258. 

zinc  ore,  266. 
Reddingite,  435. 
Refdanskite,  351. 
Reichardtite,  426. 
Reinite,  4  6. 
Reissite,  426. 
Remingtonite,  410. 
Rensselaerite,  848. 
Resanite,  339. 
Resin,  Mineral,  415,  435. 
Restormelite,  358. 
Retinalite,  851. 
Retinite,  415. 
Reussinite,  415. 
Rhabdophane,  485. 
Rhaetizite,  332. 
Rhaate,  377. 
Rhodizite,  435. 
Rhodochrosite,  408;  435. 
Rhodonite,  294. 
Rhomb-spar,  401. 
Rhyacolite,  326. 
Rionite,  256. 
Ripidolite,  356. 
Rittingerite,  252. 
Rivotite,  370. 
Rock  cork,  v.  Hornblende, 
crystal,  286. 
meal,  401. 
milk,  400. 
salt,  259. 
Roemerite,  395. 
Rcepperite,  800. 
Rajsslerite,  371. 
Rogenstein,  400. 
Rogersite,  435. 
Romeine,  i^omeite,  370. 
Roecoelite,  367;  435 
Rose  quartz,  286. 
Roselite,  372;  435. 
Rosterite,  420. 
Rosthomite,  415. 
Rosite,  858. 
Rothbleierz,  886. 
Rotheisenerz,  268. 


Rothgaltigerz,  252,  268. 
Rothkupfererz,  266. 
RothnicKelkies,  242. 
Rothoffite,  808. 
Rothzinkerz,  266. 
Rubellite,  830. 
Rubislite,  485. 
Ruby,  Spinel,  Almandine,271 

Oriental,  268. 
Ruby-blende,  v,  Pyrargyrite. 
Rubv  silver,  252, 253. 
Rutherfordite,  362. 
RuUle.  276;  435. 
Ryacolite,  v.  Rhyacolite. 

Sahlite,  293. 
Sal  ammoniac,  260. 
Salmiak.  200. 
Salt,  Common,  259. 
Samarskite,  861;  485. 
Sammetblende,  280. 
Sanidin,  325. 
Saponite,  352. 
Sapphire.  268;  830. 
Sarawakite,  485. 
Saicolite.  316. 
Sarcopside,  869. 
Sard,  287. 
Sardonyx,  287. 
Sartorite,  250. 
Sassolite,  Sassolin,  880. 
Satin-s]mr,  893,  400,  405. 
Saussurite,  309. 
Savlte,  V.  Natrolite. 
Scapolite  Group,  315;  486. 
Schaumspath,  400. 
Scheelite.  884. 
Scheereite,  413. 
Schieferspath,  400. 
Schilfglaserz,  252. 
Schiller-spar,  351. 
Schirmente,  251. 
Schmirgel,  2G8. 
Schneebergite,  485. 
Schorloraite,  337;  435. 
Schraufite.  415. 
Schreibersite,  242. 
Schrifterz,  SohrifUellur,  24a 
SchrOckineerite,  412. 
Schuchardtite,  436. 
Schuppenstein,  415. 
Schwartzembergite,  262. 
Schwarzkupfererz,  267. 
Schwatzite,  255. 
Schwefelkies,  248. 
Schwerspath,  387. 
Scleretinite,  415. 
Scleroclase,  250. 
Scolecite,  Scolezite,  848. 
Soorodite,  875. 
Seebachite,  344. 
Selenblei,  236. 
Selenite,  393. 
Selenquecksilber,  237. 
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SeUaite,  264. 
S^ra^line,  885. 
Semseyite,  436. 
Senarmontlte,  284;  486. 
Sepiolite,  849;  486. 
Serpentine,  350;  486. 
Serpierite,  486. 
Seybertite,  858. 
Shepardite,  242. 
Siderazot,  436. 
Siderite.  408. 
Sideronatrite,  486. 
Siderophf  llite,  481. 
Siegburgite,  415. 
Siegenite,  245. 
Silaonite,  288;  428. 
Silberamalgam,  225. 
Silberglanz,  2:35. 
Silbernomerz,  260. 
Silberkupferglanz,  240. 
Silberwismuthglanz,  420. 
Silex.  V.  Quartz. 
Silicified  wood,  286. 
Siliceous  sinter,  287,  289. 
Siliciophite,  486. 
SilicoDorocalcite,  882. 
Sillimanite,  331. 
Silver,  223. 

Antimonial,  234. 
Bismuth.  420. 

Horn,  260. 

Native,  223. 

Ruby,  252, 253. 
Vitreous,  235. 
Silver  antimonide,  234 

chloride,  260. 

bromide,  260. 

iodide,  260. 

selenide,  235. 

sulph-antimonite,  250, 
252,  256,  257. 

sulph-arsenite,  253. 

sulphide,  285, 289. 

sul  pho'bism  u  tbite ,  420. 

telluride.288;248,487 
Silver  glance,  235. 
Simonyite,  394. 
Sinter,  Siliceous,  287,  289. 
SipyJite,  436. 
Sismondine,  358. 
Sisserskite,  224. 
Skapolith,  v.  Scapolite. 
Skleroklas,  v.  Sartorite. 
Skolezit,  V.  Scolecite. 
Skutterudite,  246. 
Smaltine,  Smaitite,  245;  486. 
Smaragdite.  297. 
Smectite,  349. 
Smithsonite,  404. 
Soapstone,  348. 
Spda  =  Sodium  oxide,  v.  So- 
dium. 
Soda  nitre,  881. 
SodaUte,  317. 


Sodium  borate,  881. 

carbonate,  408,  409. 

chloride,  259. 

fluoride,  264. 

nitrate,  879. 

silicate,  328,  842. 

sulphate,    890,    891, 
392. 
Sommite,  816. 
Sonnenstein,  v.  Sunstone. 
Sonomaite,  484 
Spargelstein,  865. 
Spathic  iron,  403. 
Spathiopyrite,  246. 
Spear  pyrites,  247. 
Speckstein,  848,  852. 
Specular  iron,  268. 
Speerkies,  247. 
Spessartite,  304. 
Speiskobalt,  245. 
Sphierocobaltite,  436. 
SphaBrosiderite,  403. 
Sphffirostilbite,  346. 
Sphalerite,  237;  436. 
Sphene,  335. 
Spiauterite,  242. 
Spinel,  271. 
Spintb^re,  335. 
Spodiosite,  486. 
Spodumene,  295;  436. 
Sprodgl&serz,  256. 
Sprudelstein,  405. 
StafFelite,  v.  Phosphorite. 
Stalactite,  400. 
Stalagmite,  400. 
Stanekite,  415. 
Stannite.  245. 
Staurolite,    Staurotide,   836; 

487. 
Steatite',  848. 
Steeleite,  482. 
Steinkohle,  417. 
Steinmark,  852. 
Steinai,  413. 
Steinsalz,  259. 
Stephanite,  256. 
Sterlingite,  354 
Sternbergite,  240;  487. 
Stibianite,  487. 
Stibiconite,  487. 
Stibioferrite,  870. 
Stibnite,  232;  487. 
Stilbite,  346,  437 ;  847. 
Stilpnomelane,  849. 
Stolzite,  884. 
Strahlerz,  374 
Strahlkies,  247. 
Strahlstein.  297. 
Strahlzeolith,  v.  Stilbite. 
Strengite,  437. 
Strigovite,  857. 
Stromeyerite,  240. 
Strontianite,  406;  487. 
Strontium  carbonate,  406. 


Strontium  sulphate,  888. 
Struvite,  371. 
StQzite,  437. 

Stylotyp,  Stylotypite,  254 
Subdeiessite,  425. 
Succinellite,  415. 
Succinite,  415. 
Sulphur,  Native,  228. 
Sunstone,  323,  825. 
Susannite,  891. 
Sussexite,  880. 
Sylvanite,  248. 
Sylvine,  Sylvite,  260. 
Syngenite,  394 
Szaboite,  487. 
Szaibelyite,  380. 
Szmikite,  437. 

Tabergite,  356. 
Tabular  spar,  291. 
Tachhydrite,  261. 
Tafelspath.  291. 
Tagilite,  873. 
Talc,  348. 
Talktriplite,  487. 
Tallingite,  262. 
Tantafite,  359;  487. 
Tapalpite,  289. 
Tapiolite,  361. 
Tarapacaite,  487. 
Tasmanite,  415. 
Taznite,  487. 
Tellur,  Gediegen,  227. 
Tellurite,  487. 
Tellurium,  fiismuthig,  288. 

Foliated,  249. 

Graphic,  248. 

Native,  227;  487. 
Tellurium  oxide,  487. 
Tellursilber,  288. 
Tellurwismuth,  238. 
Tengerite,  410. 
Tennantite,  256;  488. 
Tenorite,  267;  488. 
Tephroite,  800. 
Tequesquite,  488. 
Tequixquitl,  488. 
Tesseralkies,  246. 
Tetradymite,  238. 
Tetrahedrite,  255;  488. 
Thaumasite,  438. 
Thenardite,890;  48a 
Thinolite,  438. 
Thomsenolite,  265;  48a 
Thomsonite,  342;  488. 
Thorite,  340;  438. 
Thulite,  809. 
Thuringite,  858. 
Tiemannite,  287. 
Tile  ore,  266. 
Tin.  Native,  226. 
Tin  ore,  Tin  stone,  276. 
oxide,  275. 
pyrites,  V.  Stannite. 
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Tin  sulphide,  245. 
Tinkai,  881. 
Titaneisen,  269. 
Titanic  iron.  269. 
Titanite,  335;  438. 
Titanium  oxide,  270;  276, 277. 
Titanolivine,  428. 
Titanomorphite,  488. 
Tiza,  V.  Ulexite. 
Tobermorite,  428. 
Tocomalite.  260. 
Topaz,  832;  438. 

False.  286. 
Topazolite,  304. 
Torbanite.  415,  418;  488. 
Torberaite,  Torberite,  378. 
Totaigite.  436. 
Tourmaline,  829,  488. 
Travertine,  400. 
Tremolite,  297. 
Triehite,  110. 
Triclasite,  853. 
Tridvmite,  288;  439. 
Triphylite,   Triphyline,  869; 

489. 
Triplite,  369. 
Triploidite.  439. 
Tripolite.  289. 
Trippkeite.  439. 
Tritochorite,  426. 
Tritomite,  340. 
TrOgerite.  879. 
Troilite,  242. 
Trona,  408. 
Troostite,  801. 
Tschefi^kinite,  336. 
Tschermakite,  828. 
Tschermigite,  395. 
Tufa,  Calcareous,  400. 
Tungsten  oxide,  284. 
Tungstite.  284. 
Turgite,  279. 
Turmalin,  329. 
Tumerite,  868,  482. 
Turquois,  377. 
Tyrite.  362. 
Tyrolite,  374. 
Tyson  ite,  439. 

Ulexite,  881. 
Ullmannite,  247. 
Ultramarine,  818. 
Unionite,  309. 
Uraconise,  Uraoonite,  897. 
(Jran^limmer,  378,  879;  439. 
Uranin,  Uraninite,  274. 
Uranite,  378,  879. 
(Jronium  arsenate.  879. 

carbonate,  412,439. 

oxide,  274. 

phosphate,  878, 879, 

silicate,  841. 
sulphate,  897. 


Urankalk,  412. 
Uranmica.  378,  379. 
Uranochalcite,  897. 
Uranocircite,  439. 
Uranophane,  341. 
Uranospinite,  879. 
Uranotantalite,  361. 
Uranothallite,  439. 
Uranothoritc,  438. 
UranotUe,  841 ;  489. 
Uranpecherz,  274. 
Urao,  409. 
Urpethite,  418. 
Urusite,  436. 
UrvSlgyite,  428. 
Uwarowit,  304. 

Vaalite,  855. 
Valentinite,  284 
Vanadinite,  367;  489. 
Variscite,  489. 
Vauqueline,  Yauquelinite, 

Venasquite,  488. 
Venerite,  439. 
Verd-antique,  860. 
Yermiculite,  855 ;  439. 
Vesbine,  489. 
Vesuvianite,  805,  440. 
Veszelyite,  873,  440. 
Victonte,  290. 
Vietinghofite.  435. 
Vniarsite,  840. 
Vitreous  copper,  289. 

silver,  235. 
Vitriol,  Blue.  394. 
Vivianite,  371. 
Voglianite,  897. 
Voglite,  412. 
Volknerite,  282. 
Volborthite,  874. 
Voltaite,  895. 
Vorhauserite,  851. 
Vreckite,  422. 
Vulpinite,  889. 

Wad,  288,  440. 
Wagnerite,  868:  440. 
Walchowite,  416. 
Walkerite.  438. 
Walpur^ite,  379,  440. 
Waluewite,  440. 
Wapplerite,  371. 
Warringtonite,  396. 
Warwickite,  882. 
Wattevillite,  440. 
Wavellite,  376. 
Websterite.  v.  Alominite. 
Wehrlite,  233. 
Weissbleierz,  407. 
Weissite,  353. 
Weisspiessglasens,  284. 
Wemerite,  816. 


Werthemanite,  396. 
Westanite,  332. 
Wheelerite,  415. 
Wheel-ore,  253. 
Whewellite,  412. 
Whitneyite,  235. 
Wichtine,  Wichtisite,  29a 
Willeoxite,  358. 
Willemite.  301. 
Williamsite,  351. 
Wilsonite,  858. 
Winklerite,  372. 
Winkworthite,  882. 
Wiserine,  277,  864. 
Wismuth,  (rediegen,  227. 
Wismuthglanz,  232. 
Wismuthocker,  284. 
Wismuthspath,  412. 
Witherite,  406. 
Wittichenite,  254. 
Wocheinite,  281. 
Wohlerite,  300. 
Wolfachite,  247. 
Wolfram,  888. 
Wolframite,  383. 
WoUastonite.  291. 
Wollongongite,  416;  43& 
Wood-opal,  289. 
Wood  tin,  275. 
Woodwardite,  397. 
W5rthite.  832. 
Wulfenite,  884;  440. 
Wttrfelerz,  376. 
Wurtzite,  242,  426. 

Xantholite,  437. 
Xanthophyllite,  858;  44a. 
Xanthosiderit^,  281. 
Xenotime,  864;  440. 
Xyloretinite,  415. 

Yenite,  809. 
Youngite,  440. 
Yttergranat,  303. 
Ytterspath,  864. 
Yttrium  phosphate,  364. 
Yttrocerite.  264. 
Yttrogummite,  428. 
Yttrotantalite,  361,  862. 
Yttrotitanlte,d86. 

Zaratite,  410. 
Zeolite  section,  842. 
Zepharovichite,  876. 
Zeunerite,  879. 
Ziegelerz,  266. 
Zietrisikite,  414. 
Zinc,  Native,  226. 
Zinc  aluminate.  272. 

arsenate,  873. 

blende,  287. 

bloom,  V.  Hydrozindte^ 

carbonate,  41)4,  410. 
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Zinc  ore,  Red,  266. 

oxide,  266,  273. 

silicate,  301.  339. 

sulphate,  395,  440. 

sulphide,  237,  242. 
Zincaluminite,  440. 
Zincite,  266. 


Zinkbltithe,  410. 
Zinkenite,  260. 
Zinkspath.  404. 
Zinnerz,  Zinnstein,  275. 
Zinnkies,  245. 
Zinnober,  240. 
Zinnwaldite,  v,  Lepidolite. 


Zippeite,  397. 
Zircon,  804;  440. 
Zoisite,  308. 
ZOblitzite,  351. 
Zonochlorite,  840. 
Zorgite,  287. 
Zwieselite,  369. 


